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A B ST R A C T
During the last few years the interest on the behaviour o f both gravel and mixed 
beaches has increased because o f  the interest in soft coastal engineering 
measures for combating erosion. In contrast to gravel beaches, little research has 
been devoted to the sediment transport o f  beaches containing a mixture o f both 
sand and gravel sediment (M ason and Coates, 2001). Thus, because o f the 
limited understanding surrounding these beaches, mixed sand and gravel 
coastlines have a lot o f research potential for both coastal resource management 
and scientific reasons. In recognition o f  this, a series o f  3-dimensional physical 
model tests has been undertaken in order to exam ine the behaviour o f gravel and 
mixed beaches more closely.
The 3-D physical model tests were carried out in the 3-D wave basin located at 
Franzius-Institute (Marienw erder) o f  University o f Hannover, at a nominal scale 
o f 1:1. During the study, m easurem ents o f  beach profiles and o f cross-shore and 
long-shore current data were taken, generated by oblique wave attack, along 
gravel and mixed beaches with a uniform  slope and a trench.
New formulae for predicting wave breaking depth index, breaking depth and 
height, undertow velocity, long-shore current velocity and step and berm 
elevation have been proposed. A new param etric profile model has been 
developed in order to predict the beach profile changes o f gravel and mixed 
beaches w ith a uniform slope and a trench due to sediment transport.
The results o f the new parametric profile model and o f the refined parametric 
model SHINGLH have been validated against field and experimental data. The 
results o f this validation were encouraging for the refined model, showing better 
accuracy than the SHINGLH model and showing that it has the potential to be a 
valuable tool in the design and m anagem ent o f  gravel and mixed beaches.
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Chapter I Introduction
CHAPTER 1 
INTRODUCTION
1.0 BACKGROUND
Due to global warming and climate change, there is increased storminess and sea 
level and as a result erosion of the world’s coastlines has become a well-know 
phenomena. A coastal protection with an economical solution is needed. Coastal 
managers and coastal engineers are beginning to give attention to gravel and 
mixed beaches due to the fact that they are two of the most effective natural sea 
defences.
Over the past years the majority of existing coastal research has been conducted 
on sand beaches. Comparatively little research was carried out using gravel 
beaches and even less research conducted with mixed (gravel and sand) beaches. 
As a result, this research field is at its early stages. These beach types show 
important differences in their morphodynamic responses to environmental 
conditions despite the fact that there are general principles that can be applied to 
diem. The differential sediment sizes within mixed beaches, makes them more 
complex than the gravel beaches.
Despite their neglected status, gravel beaches are an important landform, and 
due to their distinct properties, have a number of applications for coastal 
management. With continued research, gravel beaches should become more 
widely recognised for the role they play as a highly effective and dynamic buffer 
against the forces of the sea. Gravel beaches are highly efficient dissipators of 
wave action and they can provide excellent natural or managed defence systems. 
They are particularly efficient since their high permeability enables energy loss 
through percolation within the beach.
1
ChaotefI Introduction
The dissipation of the mixed beaches depends on the proportion of sand 
compared to gravel. Because of the limited understanding surrounding these 
beaches, mixed (sand and gravel) coastlines have a lot of research potential for 
both coastal resource management and scientific reasons. Mixed sediment 
beaches occur commonly around the shores of regions where the effects of 
glacitation have provided an abundant source of sand and gravels for subsequent 
re-working by Holocene rising sea levels (Mason & Coates, 2001).
However these beaches (gravel and mixed) in common with other types of beach 
will suffer erosion under extreme conditions of storm events with high water 
level. Therefore, predicting their evolution is very important issue due to the fact 
that pattern of accumulation or erosion can be identified and calculated. Thus, an 
accurate assessment and maintenance of the beach structure can be done and the 
beach failure can be prevented.
Therefore, there is a need, from a scientific and coastal management perspective 
to have a deeper understanding of how gravel and mixed beaches operate.
1.1 AIM AND OBJECTIVES OF THE RESEARCH STUDY
The main aim of the present research study is to understand the dynamics of 
gravel and mixed beaches. In order to achieve that, the study had to be related to 
up to date research done on gravel and mixed beaches and it had to focus on the 
following main objectives which were to:
• investigate the hydrodynamics and the cross-shore sediment transport of 
gravel and mixed beaches evolved by oblique wave attack,
• examine the influence of a feature (trench) in their behaviour,
• identify similarities and differences between them,
• assess the effectiveness of commonly used beach profile response models 
• for use in gravel and mixed beaches,
• develop new beach profile response model for both beach types and,
• verify and calibrate the new model against laboratory and field data.
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1.2 THESIS STRUCTURE
The thesis is divided into eight chapters, which can be summarised as follows:
Chapter 11 describes and explains the nature and the characteristics of gravel and 
mixed (gravel and sand) beaches and their differences. A review of previous 
models/studies about the characteristics of the sedimentation and the beach 
profile prediction (by numerical or parametric models) of both types of beach is 
undertaken. These reviews could give an overall idea of the research done in the 
coastal hydrodynamic processes and the mechanics of sediment transport of both 
types of beach and also outline the basis for the current research work.
Chapter 111 provides descriptions of what kinds of experiments were undertaken 
and how the gravel and mixed beach were represented. Furthermore, it presents 
the facility where the experiments took place, the instrumentation that was used 
during the experiments and how it was calibrated and used.
Chapter IV describes the range of wave conditions that were used during the 
experimental tests. The evolvement of the beach profiles, of both types of beach, 
in the experiments was presented. Moreover, it describes the influence of the 
different wave parameters and the influence of the different beach materials 
during the tests and also how both types of beach did compare.
Chapter V presents the analysis of the results from the experimental tests. It 
introduces new formulae for wave breaking, undertow current and long-shore 
current. A comparison between the tests with previous models was undertaken 
and new formulae for berm and step elevation were presented. Finally, the 
sediment balance of both types of beach was described.
Chapter VI consists of the development of a new equilibrium beach profile 
model. It presents the parameters that were used in the model and also the 
comparison between the new parametric model, the leading parametric model 
available (for predicting the profile development of gravel and dissimilar 
sediment beaches) and the results from the experimental tests.
Chapter VII describes the application of the new parametric model to a physical 
shingle beach, namely Chesil Beach. A detailed analysis was undertaken. The 
model was calibrated and verified against different sets of field data from 
December 1993 to May 1996.
Chapter VIII provides a summary of the main findings/ conclusions of the study 
incltiding the presentation of the new formulae and of the new parametric model 
for gravel and mixed beach. This is followed citing recommendations for future 
research.
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CHAPTER 2 
LITERATURE REVIEW
2.0 INTRODUCTION
In the CIRIA Beach Management Manual (Simm et al., 1996), a beach is defined as 
a deposit o f non-cohesive material (e.g. sand, gravel) situated on the interface 
between dry land and the sea (or other large expanses o f water) and actively 
“worked" by present-day hydrodynamic processes (i.e. waves, tides and currents) 
and sometimes by winds. The three types of beach are: sand beach, shingle or gravel 
beach and coarse grained beach.
1. Sand beaches are formed of non-cohesive sediment between about 63pm and 
2mm, and have slopes range typically about 1:100 to 1:12. Sand can be 
transported by both waves and tidal currents. Despite the fact that sand is 
permeable, the interstices in the swash zone are rapidly saturated leaving an 
essentially impermeable surface.
2. Shingle/gravel beaches comprise material greater than 2mm (up to about 
256mm) and have slopes range typically about 1:8 to 1:2. Gravel can be 
transported mainly by waves and only during storms some of its materials 
become mobile. Gravel is very permeable and tends to be sorted by size 
across shore with large material thrown up to form a steep storm crests.
3. Coarse grained beaches consist of steeply inclined gravel or cobbles. 
Additionally, coarse grained beaches are formed of a less steep upper beach 
of mixed sand and gravel which fronted by a wide lower foreshore of sand 
or a rock platform. Despite the fact that mixed beaches have the
* characteristics of the first two types of beach, they are totally different to 
sand and gravel beaches from a coastal process perspective.
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Moreover, beaches have also divided into those which are dissipative and those 
which are reflective beaches. Dissipative beaches characterised by a wide surf zone 
and normally numerous spilling lines of breakers, and reflective beaches 
characterised by a steep beach-face and mostly surging or plunging waves. These 
beaches have different morphodynamics and sediment transport related to each one 
(Lopez de San Roman-Bianco, 2003).
By considering the differences between the types of beach, it can be found that 
(Lopez de San Roman-Bianco, 2003):
• the permeability of shingle is higher than mixed beaches and both are 
relatively higher than sand beaches,
• gravel beaches are reflective and sand beaches are normally dissipative,
• gravel and mixed beaches respond to waves by forming a crest/step profile 
whereas sand beaches respond by creating a bar/trough profile,
Throughout this thesis, the two types of beach that will be examined are the 
shingle/gravel and coarse grained beaches. Moreover, from coarse grained beaches, 
consideration will be given to those consisting of mixed sand and gravel (mixed 
beaches).
During the last few years the interest of the behaviour of both gravel and mixed 
beaches has increased due to the interest on soft coastal engineering measures to 
combat erosion (for example : renourishment of beaches).
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2.1 SHINGLE/GRAVEL BEACHES
According to Sherman (1991), gravel is made up of sediment particles in the 4 to 
256 mm size range but the term can also refer to particles which are greater than 
2mm.
In the UK, one third of die coastline is projected by shingle, or gravel, beaches. This 
type of beaches can have many differences based on the range of form and on the 
composition. Some beaches in the UK consist entirely of shingle and some others 
have a high sand content either within the interstices of the shingle or on the lower 
foreshore. Nevertheless, despite all that, all shingle beaches have the same 
responses and are following the same processes.
Shingle beaches respond rapidly to changes in the wave conditions making 
uncertain the fully form of a bar. The hydraulic conductivity of shingle beaches is 
very high and permits rapid and, occasionally, turbulent infiltration into the bed. 
This is one significant reason why shingle beaches are capable of dissipating in 
excess of 90% of all incident wave energy. Shingle beaches are known to be an 
efficient form of natural sea defence and, efficient and practical forms of coast 
protection with a high amenity and aesthetic value.
Moreover, gravel beaches are most common along the Pacific coast of the USA, 
Japan, Argentina and Canada, which is largely due to the fact of glacial activity. 
(Van Wellen et al, 2000).
Gravel beaches are often related with glacial activity (Forbes et al, 1995: Isla, 1993; 
Carter and Orford, 1984). The coarse sediment found on these beaches may have 
been die result of the deposition of entrained materials through current glacial 
actions or even from reworked sedimentary deposits of past glacial activity (Forbes 
et al, 1995; Carter and Orford, 1984). Gravel beaches can also be the result of the
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fluvial deposition of glacial outwash (Forbes et al, 1995). As glacial activity is a 
source of beach gravel, gravel beaches are most commonly found in latitudes 
greater than 40 ((Forbes et al, 1995; Sherman, 1991).
Furthermore, there can be other reasons for the existence of gravel beaches, such as 
marine reworking of gravel transported via fluvial processes from mountain ranges 
(Isla, 1993) or they can be found in tectonically active areas (Forbes et al, 1995), or 
even on a local scale, they can be derived from the erosion of nearby cliffs (Bluck, 
1967).
Despite their neglected status, gravel beaches are an important landform, and due to 
their distinct properties, have a number of applications for coastal management. 
With continued research, gravel beaches should become more widely recognised for 
the role they play as a highly effective and dynamic buffer against the forces of the 
sea.
2.1.1 Gravel beach sedimentation
As far as the sediment transport characteristics of a shingle beach are concerned, 
they are very different to those of a sand beach. Shingle supports a steep gradient 
(typically of the order 1:8 ) which allows waves to progress much closer inshore 
before breaking. The sediment transport within the swash zone is of more 
significance on a shingle beach than on a sand beach (Lawrence et al., 2003). In 
addition, Pedrono-Acuna et al. (2006), based on large-scale experiments stated that 
the most profile change on gravel beaches occur in the swash zone, especially above 
and below SWL (Sea Water Level).
Gravel beaches are highly efficient dissipators of wave action and they can provide 
excellent natural or managed defence systems. Gravel beaches are particularly 
efficient since their high permeability enables energy loss through percolation
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within the beach. Gravel is very permeable and its transport is heavily dominated by 
wave action.
Gravel beaches and barriers develop distinctive patterns of sedimentation (Forbes et 
al, 1995) which function to minimise further sediment transport and reworking, 
develop both across (Bluck, 1967; Orford, 1975) and along the shore (Carr, 1969), 
with their relative importance dependant upon whether the beach is swash aligned 
or drift aligned (Forbes et al, 1995). These patterns appear, as sediment of a 
particular size tends to move across a beach until it reaches a position in which it is 
in equilibrium with the waves and flows acting upon it (Horn, 1992). Patterns in 
sedimentation also reflect sediment supply, developing only when the influx of new 
material is low (Sherman et al, 1993).
Bluck (1967) created a model of beach sedimentation (one of the first attempts 
describing cross-shore sedimentation), which was based on the selective sorting of 
beach pebbles according to shape, with spheres accumulating at the base of the 
beach, while discs tended to accumulate at the top. Bluck (1967) supported that, 
variations in wave energy across the foreshore profile, and to particles of various 
shapes reacting differently to the flow of water resulted in selective sorting, which 
creates a series of sedimentation zones across the beach parallel to the shore.
Sherman, (1991), suggested that Bluck’s model was found to be both oversimplified 
and non-universal by various authors, even though later studies have supported the 
importance of shape in particle sorting, with the exception of Carr (1971). Further 
research undertaken by Orford (1975) and Williams and Caldwell (1988), indicates 
that particle shape and size were both important in determining the response of 
particles to swash and backwash processes as well as, the subsequent formation of 
depositional zones on the beach. Orford (1975) found that maximum zonation 
appears in swell wave conditions whereas, Williams and Caldwell (1988) suggest
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that size determines particle sorting at high energies, with shape determining sorting 
at low energies.
Bluck (1999) admits the importance of size as well as shape in particle sorting and 
modifies his 1967 model, describing particle selection and rejection as being a 
largely self-regulating process that is driven by turbulent energy derived from 
backwash over the sediment floor, which as it becomes better sorted, it also 
becomes more selective. Bluck also acknowledges the role of cusps in sediment 
sorting in response to the work of Sherman et al (1993).
Shulmeister and Kirk (1997) showed that the sorting of sediment according to size 
and shape is capable of converting sandy beaches with minor gravel components 
into gravel dominated beaches. Isla and Bujalesky (1993) supported that spherical 
particles are preferentially set into saltation, leaving laminar, disc-shaped and 
flattened particles to dominate the bed.
The phenomenon of armouring on gravel beaches has been researched by Isla 
(1993) but there is little mention on armouring by other researchers. Isla describes 
the development of armouring as being the result of the continued rolling and 
subsequent deposition of large rounded particles during backwash over smaller 
particles that have already ceased movement. Although Isla’s (1993) armouring 
model represents further particle sorting in relation to shape and size, it appears to 
conflict with models proposed by Bluck (1999; 1967) for gravel beach 
sedimentation.
Additionally, Matthews (1983) has shown that under high-energy conditions, 
attrition, which is the result of the opposing processes of breakage and abrasion, can 
result in a particle weight loss of 41 percent per year that may account for a 
predominance of granules over pebbles on many beaches and as suggested by Kirk 
(1980) an accumulation of fine sands and silts on the inner shelf. Matthews (1983)
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suggests that lithology, particle size and the texture of associated sediments are also 
important to rates of attrition.
Finally, the development of shingle beach profile under wave action maybe
influenced by a number of variables including:
1. Wave height
2 . Wave period
3. Wave duration
4. Beach material size
5. Beach material grading
6. Effective depth of beach material (Effective beach thickness)
7. Foreshore level
8 . Water level
9. Angle of wave attack
10. Spectral shape
11. Initial beach profile
2.1.1.1 Influence o f wave height and period
Variations in both parameters (wave height and period) have a substantial effect 
upon the resulting beach profiles. On one hand, an increase of the wave height 
results in an increase of the surf zone width and hence increasing levels of wave 
energy (Powell, 1990). Consequently, the extra surf zone volume necessary to 
dissipate an increased incident wave energy is obtained by a lengthening of the surf 
zone rather than by a change in profile (Hughes and Chiu, 1981).
On the other hand, an increase of the wave period results in the increase of the 
beach crest elevation and, as a consequence, the volume of material above the still 
water-line. This is matched by a respective increase in the erosion of the beach
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profile below the step position, and therefore a seaward displacement of the lower 
limit of profile deformation (Powell, 1990).
2.1.1.2 influence o f wave duration
The development of the beach profile is very rapid in the early stages of a wave 
attack (during the first 500 waves) and the main features of a particular profile 
quickly become apparent. Subsequent wave action, as a consequence, serves only to 
hone the final profile shape (Powell, 1990).
2.1.13 influence o f beach material size and grading
The influence of the beach material size (D$o) is more important than the influence 
of the grading (Dss/Du) with respect to the beach profile change. Powell (1990) 
suggested that this importance is partly dependent upon the characteristic steepness 
of the incident wave field. Therefore, the greatest deviations between two 
‘corresponding’ profiles are seen to occur under the steeper wave conditions.
in agreement with Powel (1990), Van der Meer (1988) found that the nominal 
diameter had an influence on the profile. Nevertheless, for small diameters in the 
range of materials that Van der Meer (1988) tested, the material size did not 
influence some parts of the profile, such as the crest height.
As far as the sediment grading is concerned, there is little or no variation in beach 
profile response other than an apparent reduction in the crest elevation as the beach 
grading narrows (Powell, 1990 and Van der Meer, 1988).
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2.1.1.4 Influence o f effective beach thickness
The effect of restricting the natural development of flow fields within the beach 
structure by incorporating an impermeable membrane parallel to the initial beach 
slope may be considered representative of natural beaches overlying sloping sea 
walls or containing compacted cores of finer (lower permeability) material. This 
situation was used by Powell (1990) in order to test the influence of the effective 
beach thickness upon the development of shingle beach profile under wave action.
In each case (model tests), Powell has used Db as the effective thickness of beach 
material measured relative to the initial slope and D$o as the median diameter of the 
sediment particles. The results of the model tests have shown that the influence of 
£V  D$o on the beach profiles was largely confined to the horizontal profile 
displacements, at least for within the tested range (values of 29.4, 41.2, 52.9 and 
>95), and was most pronounced above the still water level. Additionally, the general 
trends across different wave conditions appeared to show a partial wave steepness 
dependency.
2.1.1.5 Influence o f foreshore level
The majority of beaches are usually fronted by a sand foreshore located in relatively 
shallow water. Van de Meer (1988) carried out a number of tests (covering the 
range 0.56<H#/DW<0.74, where Dw is depth of water at beach toe) and found that the 
effect of a reduced foreshore depth manifested itself in a shortening of the beach 
profile below still water level. Above the still water level there was no apparent 
effect on the profile.
Moreover, Powell (1990) and an earlier, unpublished, study carried out at 
Hydraulics Research Station (Wallingford) with a range of 0.8<H*/DW<2.5 have 
indicated that profiles formed above a depth limited foreshore do not exhibit a 
distinctive step feature below the still water line. Therefore, the step normally forms
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at the position of, and in response to, wave breaking. However, on a depth limited 
foreshore this breaking occurs seaward of the beach structure and consequently the 
conditions responsible for step formation on a beach are removed.
Powell (1990) suggested that with the elevated foreshore there is also a reduction in 
profile dimensions above the shoreline. Even though this suggestion was in contrast 
with van der Meer’s (1988) results, it was perhaps given that crest dimensions are 
largely determined by wave run-up, which will itself be limited by the increased 
energy losses associated with wave action in depth limited conditions.
2.1.1.6 influence o f water level
Despite the fact that tides plays a significant part in the development of natural 
beach profiles, in field studies of beach profiles the effect of tidal action is often 
neglected.
The introduction of tides, regardless of range or duration, does not materially affect 
the shape or slopes of the resulting beach profiles. The only exception occurs when 
the changes in wave steepness, induced by the varying water depth in the wave 
channel, span the critical value for the transformation from accretion to erosion 
profiles (Watts and Dearduff, 1954).
Natural shingle beaches react far more rapidly to tidal changes than sand beaches 
do, the profiles appearing to move up and down the beach with the tide (Kemp, 
1963 and van Hijum and Pilarczyk, 1982). Moreover, the beach profile respond 
immediately to changes in water level but the profile shape at the end of each tide is 
generally unaffected (van der Meer, 1988 and Powell, 1986).
13
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It may therefore be concluded that gradually varying water levels do not affect the 
shape or slope of beach profiles. They will however determine the location of the 
profile on the beach face.
2.1.1.7 Influence o f the angle o f wave attack
The influence of the angle of the wave attack (q>) on the development of beach 
profiles has been examined by some researchers for both regular and random waves.
The dimensions of beach profiles formed under oblique wave attack are less than 
those formed under normally incident waves by a factor. This factor was firstly 
described to be equivalent to (cos<p) ,/2 by van Hijum and Pilarczyk (1982), however, 
van der Meer (1988) has indicated that this factor was more closely described as 
cosq>. Furthermore, the position of the beach crest relative to the shoreline is 
unaffected by the angle of wave attack.
It may be concluded that oblique wave action restricts the full development of at 
least part of the profile.
2.1.1.8 Influence o f the spectral shape
Van der Meer and Pilarczyk (1986) compared profiles formed under a very narrow 
spectrum with those formed under a much wider Pierson Moskowitz spectrum in 
order to evaluate the influence of spectral type on the development of beach 
profiles.
On the basis of these tests they concluded that spectral shape had only minor 
influence on the beach profiles provided that the average zero-crossing period, Tm 
(and not the peak spectral period Tp) was used to compare the profile.
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2.1.1.9 influence o f the initial beach slope
The influence of the initial beach slope on the development of the beach profile was 
the debate of many researchers through the years. Initial slopes from 1:5 to 1:30 
were found to have no effect on the final profiles other than determining whether 
the upper beach was formed by erosion or accretion for 0.21mm to 3.44mm sand 
(Rector, 1954; Nicholson, 1968; Dalrymple and Thompson, 1976), with material 
from 1.8mm to 16.5mm (Van Hijum, 1974) and with much coarser material and 
random waves (van der Meer, 1988). Nevertheless, the direction of material 
transport and hence the mode of profile formation varied with slope.
Despite all the above, it was found that the final profile shape formed in 0.2mm and 
0.7mm sands was influenced by the initial slopes of 1:10,1:20, 1:30 (Sunamura and 
Horikawa, 1974) and when the latter was changed from 1:10 to 1:20 (Chesnutt, 
1975). Gourlay (1980) concluded that the initial slope did not affect the shape of the 
beach profile when the former was steep, but could have an effect if the initial slope 
was very gentle.
Moreover, King (1972) observed that the initial gradient modified the critical wave 
steepness which effectively divides breaking and non-breaking sea states; critical 
steepness being higher for steeper beaches than shallow beaches. Nevertheless, any 
increase in beach slope will produce a slight change in the type of characteristic 
breaking wave even if the wave steepness remains constant. In the extreme case, 
this change will be from spilling through plunging and collapsing to surging. Thus a 
wave steepness that is critical on a steep slope (collapsing/plunging waves) might 
well result in spilling waves on a shallow slope where the critical value is in fact 
much lower. The variation in profile shapes obtained by different investigations, on 
different slopes, may therefore be partly explained by Kings* observation, 
particularly if the wave steepness is close to the critical values. (Powell, 1990)
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As a result, Powell (1990) concluded that whilst the initial beach slope does not 
necessarily affect the form of the active length of beach profile it does affect its 
mode if formation.
2.1.1.10 Summary of findings
According to Powell (1990) and Van der Meer (1988), the main factors influencing 
gravel beach profiles are wave duration, wave period, wave height, beach material 
and angle of wave attack. Additional factors which play secondary role in profile 
development are the beach thickness, material shape and grading, and foreshore 
level.
Despite the fact of all the advantages of a shingle beach, it can still suffer erosion 
such as the other types of beach. Therefore, an efficient management of the shingle 
beach is required. However, the tools of such a beach management are currently 
limited. Most of predictions of the erosion/accretion, future shape/profile of shingle 
beaches are using numerical methods.
These methods/models are generally not very accurate when they provide 
information above the still water level. Each of them has its own limitations for 
application. The majority of shingle beach profile models are of the parametric type 
(due to the fact that the surface of a shingle beach, by exhibiting a number of readily 
identifiable features (steps & bars), is particularly amenable to a parametric 
description (Powell, 1990)).
Many different formulae are found to estimate/predict the shape/development of a 
beach profile. Formulae based on theoretical or experimental study tend to give the 
best result for their studied case. There are as many experiments or case studies as 
formulae. Generally, only a small percent of these formulae can be applied for all 
different wave/sediment conditions but with, of course, their own individual
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limitations. Some of formulae used for the estimation/prediction of the 
shape/development of a beach profile are discussed in the following section.
2.1.2 Background of previous theories
2.1.2.1 Equilibrium Beach Profile (methods)
Observations of similarities in the shape of coastal profiles, since the start of the 
century, have led to the concept that for given conditions, profiles tend towards 
equilibrium. This concept called the equilibrium profile concept. The concept of an 
equilibrium beach profile provides a basis for assessing a characteristic shape to a 
beach in design and analysis situations, thus is of central importance to coastal 
engineers. Moreover, the equilibrium concept is valid for varying forcing conditions 
over different time scales (Larson et al., 1999). This concept has been applied by 
Edelman (1968, 1972) in order to predict dune erosion during a severe storm. 
Edelman’s method was improved on a large number of scale experiments (Van de 
Graaf, 1997 and Vellinga, 1982) from where Vellinga (1982) derived scale 
relations, which can be used to design laboratory experiments or to assess the 
erosion for a particular profile and storm.
Many authors have commented upon the equilibrium profile of beaches. Bruun 
(1954) and Dean (1977, 1991) proposed that beach profiles develop a characteristic 
parabolic equilibrium beach shape given by
Eq.2-1 y -  Ax"
where,
y = still-water depth (vertical distance) 
x = horizontal distance from the shoreline
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A — a dimensional parameter related to sediment characteristics 
n = 2/3
Bruun (1954) showed that Eq.2-1 fit to beach profile data obtained from the North 
Sea coast of Denmark and from Mission Bay, California. Dean (1977) also found 
that Eq.2-1 fit over 500 beaches profiles collected by Hayden et al. (1975) along the 
U.S. east coast and the Gulf of Mexico.
Numerous studies have developed conceptual models to explain the form of Eq.2-1. 
An early paper by Keulegan and Krumbein (1949) concluded that a shoaling 
solitary wave would produce an equilibrium profile of the shape given by Eq.2-1 
with n=2/5. Dean (1977) considered dissipation of shallow-water linear waves and 
showed that if equilibrium is associated with wave energy per unit area of bed, then 
n=2/5. However, if equilibrium is associated with wave energy per unit volume of 
the water column, then n=2/3. Dean (1977) and Hughes and Chiu (1978) concluded 
that n=2/3 led to the best fit to the data in the majority of cases, including field data 
profiles.
Hallermeier (1981a) have developed equations that relate the fall velocity with the 
sediment diameter. Hallermeier gives fall-velocity equations for a wide range of 
beach sand, temperature, and both fresh and salt water. For the case of common 
beach sand with diameters in the range of 0.15mm to 0.85mm and temperature form 
15 to 25°C, Hallermeier’s equations can be reduced to give the following fall- 
velocity relationship:
Eq.2-2 w = 14Z)50"
where w (fall velocity) has units of cm/s and D50 is the diameter of the median-grain 
size o f sediment with units of mm.
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Moore (1982) and Dean (1987) have provided representations for the sediment scale 
parameter, A, as a function of sediment size, Dso, and fall velocity, Wf. Dean (1987) 
has shown that A can be related to fall velocity of sediment by the following:
Eq.2-3 A = 0.067w044
and also by using the Hallermeier’s equation (Eq.2-2), A can be expressed then as 
Eq.2-4 ,4 = 0.21 D*04*
Kriebel et al. (1991) have found another relationship between the sediment scale 
parameter and the sediment fall velocity
i
f  2 ^
Eq.2-5 A = 2.25 *7
g
where,
g=acceleration due to gravity (=9.81 m/s2)
Hughes (1994) have also suggested this dependence of the sediment scale 
parameter, A, on the sediment fall velocity, Wf, to the 2/3 power.
Moreover, a simple and very accurate prediction equation where the sediment scale 
parameter can be calculated is given by (Ahrens, 2003)
Eq.2-6 A i d ' 11 = 2.23exp(-1.24//J1' 3)
where Ap is the sediment scale parameter, d is the characteristic diameter of 
sediment and A is the Archimedes buoyancy index. The symbol A is the 
Archiiftedes buoyancy index which is given by
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Eq.2-7 A = Agd*/v
where g=acceleration of gravity, v= kinematic viscosity of water, A=relative density 
of sediment, A=(ps-p)p, (p=density of water; ps=density of sediment)
There are, however, two inherent disadvantages of Eq.2-1 with an exponent of 2/3. 
The slope of the beach profile at the water line (y=0) is infinite and the form is 
monotonic, i.e., it cannot represent bars. It has been shown that the first shortcoming 
can be overcome by recognising that gravity is also a significant destabilising force 
when the profile becomes steep. In this case the form is (Liu, 1994)
which unfortunately is significant more cumbersome to apply. In Eq.2-8, h is the 
depth, m is the linear beach-face slope and A is the sediment scale parameter.
Larson (1988) and Larson and Kraus (1989) have shown that an equilibrium beach 
profile of the form of Eq.2-8 results by replacing the simple breaking wave model 
leading to Eq.2-1 (with an exponent of 2/3) by the more complex breaking model of 
Dally etal. (1985).
Bodge (1992) and Komar and McDougal (1994) have proposed slightly different 
forms of an equilibrium profile based on an exponential form. Bodge proposed
in which ho is the asymptotic depth at a great offshore distance, and k is a decay 
constant.
The form suggested by Komar and McDougal is quite similar
Eq.2-8
Eq.2-9 /*>-) = M  1 -e '* )
Eq.2-10 Hy) = ? r O - e  *)k
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in which is the equilibrium depth and mo can be shown to be the beach face
Bodge fitted his recommended form to the averages to the ten data sets provided by 
Dean (1977) and found that the majority (60% to 71%) were fitted better by the 
exponential fit compared to the Ax” relationship and that 80% to 86% of the data
constants which are determined to provide the best fit and thus should agree better 
in general than for the case in which n is constrained to the 2/3 value. Komar fitted 
his form to a single Nile Delta profile. Since the exponential profile forms require 
determination of the two free parameters from the individual profile being 
represented, they can be applied in a diagnostic manner but not prognostically (Liu,
In another approach Inman et al. (1993) examine the fitting of compound beach 
profile to a number of beaches. The curve-fitting approach needs up to seven free 
parameters and appears to require subjectivity in parameter choice. This method can 
not be applied in a prognostic manner.
Moreover, Vellinga (1983, 1986) has recommended an equilibrium beach profile 
based on a series of small and large scale model tests and comparisons with field 
data. This equilibrium profile was the basis for an update method for dune erosion 
prediction in the Netherlands. Based on the model tests, the equilibrium beach 
profile was determined to be
sets were fit better than the Ax273 expression. The exponential forms have two free
1994).
Eq.2-12
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in which all units are metric and H 0 is the deep water significant wave height
corresponding to the breaking wave height as calculated using linear wave theory. 
The profile equilibrated out to a depth equal to approximately 0.75 H0 .
It is of interest that the equilibrium beach profile developed by Vellinga is 
somewhat similar to that represented by Eq.2-1 with an exponent of 2/3. One 
difference is the Vellinga’s equation depends on both the sediment characteristics 
and the wave height, whereas Eq.2-1 is a function of only the sediment 
characteristics. It can be shown that the Vellinga*s equation predicts that an increase 
in wave height causes a milder beach face slope which is in according with nature.
Furthermore, Vellinga (1984) based on an extensive investigation into the scale 
factors pertaining to the laboratory modelling of sand dune erosion under storm 
surges, he have derived an empirical scale factor through curve fitting of the dune 
erosion profiles and erosion quantities:
where the suffixes p and m refer to prototype and model respectively.
This equation can be written also as 
Eq.2-14 y  = Ax078
,assuming that the erosion profiles can be described by a power curve of the form of 
Eq.2-1. However, Eq.2-14 gives poor results for shingle beaches.
There are some equations that are in disagreement with each other (example, 
Hughes and Chiu’s (1978) equation with the equations of Vellinga (1984) and 
Bruun <1954). This occurs due to the fact of the difference in wave climates in 
various places in the world where there would appear also to be a steepness effect.
Eq.2-13
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Vellinga (1984) attempted to establish the form of this steepness effect assuming 
that only the coefficient described the steepness effect. Furthermore, he attempted to 
add the effect of material size within the coefficient A and derived a universal 
erosion profile of the form of
where Vg is the fall velocity of a beach material particle of size D50, Ho is the 
nominal deep water wave height and Lo is the nominal deepwater wavelength.
This equation is applicable only below the still water level and gives reasonable 
results in the field for conditions with 0.025<Ho/Lo<0.04 and 0.16mm<D5o<0.4mm. 
Additional, for sand beaches with Dso=0.225mm and Ho/Lo=0.034, Eq.2-15 
becomes,
Eq.2-16 y  -  0.08jc° 78
The curve obtained by Eq.2-16 is in close agreement with that obtained by Braun 
(1954) for the very similar Danish beaches.
In concern of the prediction of the equilibrium beach profile, Romanczyk et al. 
(2005) proposed a class of shape functions /  that can describe both the very 
nearshore area and the deeper portion of the littoral zone. Inman et al. (1993), 
Pruszak et al. (1997) and Larson et al. (1999) explored the idea of splitting the 
nearshore profile into two parts. The proposal of Romanczyk et al. (2005) was:
where xo is the point midway between the shoreline and the position of the first 
breaking point of the incident wave, and R is a coefficient which is accomplished by 
linear squares fitting with the available topographical data. The scheme of the
( h  V 7
Eq.2-15 y  -  0.7 —
V y
f l ( x ) = - A x 2 / i ..............................................
f 2 ( x ) = - A x 021* + ^ A x 0' 2/3 +R(x0 - x )2
, for .x^x0
for.x< xQ
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co o rd in a te  system  o f  the  p ro p o sa l o f  R o m an czy k  et al. (2005) can  be seen  in the 
fo llo w in g  figure.
Onshore
zone
Offshore
zone
F ig u re  2-1 S chem e o f  the  co o rd in a te  sy s tem  (tak e n  from  R om anczyk  et al., 2005)
F in a lly , sev era l num erical m o d els  h av e  b ee n  d ev e lo p e d  acco rd ing  to equilib rium  
beach  p ro file  co n cep ts . S om e o f  th ese  are: E D U N E  (K riebel, 1982, K riebel and 
D ean , 1985, K riebel, 1986), S B E A C H  (L a rso n  an d  K raus, 1989, L arson  et al., 1989, 
1996), the  m odel used  in es tab lish in g  a co a s ta l h azard  zone in F lorida, term ed the 
C o asta l C o n stru c tio n  C on tro l L ine (C C C L ) (C h iu  an d  D ean , 1984, 1986) and the 
n o n -lin ea r m odel C R O S S  (Z h en g  and  D ean , 1997).
2.1.2.2 Shingle Beach Profile (models)
V an H ijum  and P ila rczyk  (1 9 8 2 ) an d  P o w ell (1 9 8 6 ) h ave a ttem pted  to describe 
sh in g le  b each  p ro files  b ased  on re su lts  o f  p h y s ica l m odel tests. T h eir p rofiles w ere 
sch em a tised  as tw o  h y p erb o lic  cu rv es: o n e  from  the  beach  crest to the step and one 
from  the  step  to  low er p ro file  lim it. T h e  eq u a tio n s  that they have obtained, w hich 
w ere  in g o o d  ag reem en t w ith  the m o d e l re su lts , w ere  based  m ainly  on regu la r w aves 
an d  w ere  not d irec tly  ap p licab le  fo r the  fie ld  cond itions.
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Moreover, Van der Meer’s (1988) profiles, based on the work undertaking on the 
dynamic stability of rock slopes to natural gravel beaches, were schematised as 
three separate curves: one from crest to still water level, one from still water level to 
transition and one from transition to lower profile limit.
Furthermore, Powell (1990), by using laboratory and some field data, developed an 
improved parametric model in order to provide more detailed understanding of the 
behaviour of shingle beaches. This model predicts the shingle beach profile changes 
resulting from onshore/offshore sediment transport and applies for waves 
approaching at normal incidence. The profile schematization for the Powell’s (1990) 
model was a combination of schematizations of the three previous studies (Van 
Hijum and Pilarczyk 1982, Powell, 1986 and Van der Meer’s, 1988). The model has 
employed three hyperbolic curves between the prescribed limits of:
1. Beach crest and still water level shoreline,
2. Still water level shoreline and top edge of step, and
3. Top edge of step and lower limit of profile deformation, i.e. wave base.
2.1.23 Beach Profile Response (static models)
One class of profile evolution models is that of static or geometric models. In this 
class, an equilibrium profile is established and the profile responds to the forcing 
function, usually an increased water level and wave height by satisfying the 
conservation equation and the landward and seaward limits of profile mobilisation. 
Because the models are static, a sediment transport distribution is not required. 
Bruun (1962) proposed the following relationship for shoreline response to sea level 
rise, (S)
a * , .
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in which is the shoreline recession (-Ay), L* and (h*+B) are the width and 
vertical extent of the active profile. The basis of this equation is seen in Figure 2-2 
in which the two components of the response are:
1. a retreat of the shoreline, -Ay, which produces a sediment “yield” -  
Ay(h*+B) and
2 . an increase in elevation of the equilibrium profile by an amount of the sea 
level rise, S, which causes a sediment “demand” equal to SW*. Equating the 
demand and the yield results in Eq.2-18.
Eq.2-18 is known as the “Bruun Rule”. It is noted that the Bruun Rule does not 
depend on the particular profile shape. Dean and Maurmeyer (1983) later extended 
Bruun’s result to apply to the case of barrier island in the form
Eq.2-19 R „ = S L' +l L'  + Ll
fu hL
and the various terms are explained in Figure 2-3.
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D * p th  o f  f f f o e t .v e  M otion
o )  W i n n  of Sorvd " G e n e r a te d "  by  H o riz o n ta l  P e t r o a t .  R ^ . of 
t« u < iO riu m  Prol>t« O ver V o r t ic a l  O a to n c *  ( h .+ B )
n * p « h  o f  E f fe c t iv e  M otion
b )  VotMfno o f  S o  n o  R * < tu f« d  to  M «into.r> o n  C q w lO riu m  P ro tit*  
o f  A etm * L, .  D o*  t o  o  D u e .  S . in  M eon W otpr Level
m t to e c t io f l  P o o l Profit*  A fter R esp o n se  
to  S *o  Lev at Ri»#
F ig u re  2 -2  C o m p o n en ts  o f  sand  v o lu m e  b a la n c e  d u e  to  the  sea  level rise  and 
a s so c ia te d  p ro f ile  re trea t a cco rd in g  to  th e  B ru u n  R u le  (tak en  from  D ean  et al., 2002)
Position After Response 
in Seo Level Rise
Oc0on Skt*
Originoi P o t i o n  <u P " ° 'd on d  M igration)
Logooo SUto
r L|-
F ig u re  2-3  T h e  B ruun  R u le  g en e ra lise d  fo r  th e  c a se  o f  a b a rrie r island  that m ain ta in s  
its fo rm  re la tiv e  to  the ad ja c e n t o ce an  an d  lag o o n  (taken  from  D ean and
M au rm e y e r, 1983)
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Edelman (1972) modified the Bruun Rule to make it more appropriate for larger 
values of increased water levels and thus applicable for large storm surges. It was 
assumed that the profile maintained pace with the elevated water level and thus at 
each time, the following equation is valid
W. 
h.+ B(t)
Eq.2-20 d R ^ d S  
d t ~  dt
where now B(t) represents the instantaneous total height of the active profile above 
the current water level.
R<t)
Note: AS Points o n ' A 
Profile are Displaced 
by S o m e  Horizontal 
and Verticot C om p on en ts
Figure 2-4 Elements of the Edelman model (taken from Dean et al., 2002)
Noting from Figure 2-4 that B(t) =B0-S(t), and substituting in Eq.2-17 and 
integrating,
E *M 1
Using the small argument approximation for the natural logarithm
z 2 z 3Eq.2-22 ln(l + z ) * z - y  + —  + ...
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it is readily shown that to the first approximation, Edelman’s equation (Eq.2-21) is 
the same as the Bruun Rule (Eq.2-18). Additionally, for application to storm events, 
Edelman adopted at his equations the breaking depth hb and surf zone width Wb 
rather than the offshore depth of closure h* and corresponding Wb.
Moreover, Dean (1991), based on theoretical pre- and post-storm profile forms 
given by the equilibrium beach profile in Eq.2-1, have derived similar solutions for 
storm-induced berm retreat. An approximate solution for the steady-state erosion for 
the case where water levels are elevated by both a storm surge and by breaking- 
induced wave setup is give as
Eq.2-23 « = (5 + 0.068//.) ^
* B + h„
where Hb is the breaking wave height and Wb is the width of the surf zone, defined 
for the equilibrium profile as
The solution for erosion due to combined storm surge and wave setup is similar in 
form to the Bruun Rule in Eq.2-18.
Furthermore, Kriebel and Dean (1993), assuming that beach response is driven 
primarily by storm surge, have established a simple analytical solution (convolution 
method) to estimate the equilibrium berm recession due to storm surge level. For the 
derivation of that solution, Kriebel and Dean (1993) did not include the wave setup 
effects due to the fact that storm surge has a much larger effect than wave setup. 
They have considered also both profiles with a vertical face at the water line and 
profiles with a sloping beach face. The three types of maximum potential (cross­
Eq.2-24
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shore) equilibrium-profile response for severe storm conditions (and especially for 
water level rise), which they have calculated, are the following:
1) Response of Equilibrium Profile with Square Berm,
2) Response of Equilibrium Profile with Sloping Beach Face and
3) Response of Equilibrium Profile with Dunes
2.2 COARSE SEDIMENT BEACHES
Coarse sediment beaches are a feature of many coastal landscapes and provide a 
fine example of natural shoreline protection, acting as a highly responsive buffer 
between land and the sea (Sherman, 1991; Williams and Caldwell, 1988). Despite 
their useful properties, coarse sediment beaches remain however, a neglected 
feature compared with sand dominated beaches (Bluck, 1999; Sherman, 1991; 
Williams and Caldwell, 1988; Kirk, 1980). As a consequence, much of our 
understanding of these environments is comparatively rudimentary (Sherman, 
1991).
Throughout this thesis consideration will be given to beaches consisting of mixed 
sand and gravel (mixed beaches) which are type of coarse sediment beaches.
23  MIXED BEACHES
The majority of research associated with sediment transport and coastal 
hydrodynamics has been focused with a single sediment type beach (sand or gravel) 
leaving beaches containing a mixture of both sand and gravel (mixed beach). Thus, 
because of the limited understanding surrounding these beaches, mixed sand and
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gravel coastlines have a lot of research potential for both coastal resource 
management and scientific reasons.
Despite the fact that these beaches are found rare on a world-wide scale, mixed 
sediment beaches occur commonly around the shores of regions where the effects of 
glacitation have provided an abundant source of sand and gravels for subsequent re­
working by Holocene rising sea levels (Mason & Coates, 2001), including the UK, 
Eire, Canada and the Artie Sea coast (e.g. Carter et al., 1990a; Finkelstein, 1982; 
Hill, 1990), Tierra del Fuego (Bujalesky and Gonzalez-Bonorino, 1991), New 
Zealand (e.g. Kirk, 1969) and Greece (Moutzouris, 1991). Figure 2-5 show some 
examples of mixed beaches around Europe.
According to die modified Folk scheme (BGS, 1987), mixed sediments are usually 
classified whereby the proportions of mud (<62.5pm), sand (62.5 to 2000 pm) and 
gravel (2 to 64mm) are expressed as the ratio of sand to mud and the percentage of 
gravel. Additionally, mixed beaches defined by Coates and Damgaard (1999) as 
those including sediment sizes ranging over three orders of magnitude from fine 
sand (100 pm), though gravels (2-64mm) right up to small boulders ( >256mm).
Mixed beaches are divided into two categories where their division is often marked 
by an abrupt change of bed slope. The first category is a composite-type beach, 
where a wide, sandy, inter-tidal terrace is flanked by a shingle ridge and the second 
is a homogeneous mixture of sand and shingle. Both types may have a complex 
vertical sedimentary structure where, below the surface layer of cobbles and 
pebbles, layers of mixed pebble sizes are supported by a sand matrix and underlain 
by sand. (Mason et al., 1997)
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S ic ily , Italy V en tim ig lia , Italy
H ay lin g  Island , U K S eafo rd , U K .
A m o rg o s  Island , G reece  P lay a  del A lb ir, Spain
F ig u re  2-5  E x am p les  o f  m ix ed  b each es  a ro u n d  E urope (taken  from  L opez de San
R o m a n -B ia n c o  et a l., 2003)
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23.1  Mixed Beach Sedimentation
Mixed beaches, from a coastal processes perspective, are distinctly different to sand 
or gravel beaches, but with characteristics from both forms. Moreover, mixed 
beaches are very high energy environments and they are more complex 
morphologically than either sand or gravel beaches. A study by Lopez de San 
Blanco and Holmes (2002) on the behaviour of mixed and gravel beaches found that 
the profile development of the mixed beach is more irregular and less predictable 
than that of the gravel beach. Lopez de San Roman-Bianco et al. (2002) stated that 
the main difference of these beach materials is not in their nominal diameter, but in 
the amount of sand present and this has an influence on the porosity, permeability 
and ultimately in the internal pressures.
The distribution of the mixed beach material may vary across shore, along shore, 
vertically through the beach and over time, both seasonally and over longer time 
scales. Leaving the visible part as gravel, the sand and gravel may be mixed below 
the surface with a coarsening of material towards the beach crest. Transport of the 
sand may be influenced by non-wave induce currents, being carried as both 
suspended and bed slope, while gravel is primarily as bed load driven by wave 
action in the surf and swash zones. Coarse material may be lifted into temporary 
suspension during storms where wave action alone will not normally cause gravel to 
be drawn seaward across typical low tide sand platforms, so the content of the beach 
may change as sand is drawn down by storms or returned shoreward by lower swell 
waves. Mixed beach transport mechanisms can lead to complex littoral drift 
regimes, with different sediment sizes moving at different rates and even in different 
directions.
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From the results of a DEFRA’s (2003) funded research project it was found that the 
overall composition of mixed beaches is very variable spatially (alongshore, across- 
shore and in depth within the sediment) and temporally (in different time-scales: 
daily and seasonally). DEFRA (2003) recognised two basic foreshore types:
• typical of meso and macro tidal conditions, lower sand platform and a steep 
upper gravel ridge with a very variable area of mixing at the boundary and 
also,
• typical of micro and meso tidal conditions, fully mixed beaches with a 
variable cross-shore sediment distribution ranging from a higher percentage 
of sand across the lower beach to predominantly coarse gravel and cobbles 
along the storm crest.
The behaviour of mixed beaches is influenced by the amount of sand that it 
contains. It might probably be the process of sand beach sedimentation (rather 
gravel beach sedimentation) that can help to understand the processes that influence 
the sediment transport on mixed beaches. However, there is limited literature on the 
basic factors that distinguish the processes of sediment transport on mixed beaches 
from the processes on single sediment beaches. Despite that, Mason and Coates 
(2 0 0 1 ) stated factors that may influence the sediment transport of mixed beach. 
They considered to be first or second order factors. These factors are:
First Order
• Hydraulic Conductivity
• Groundwater and Infiltration
• Wave Reflection
• Threshold of Motion
and
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Second O rder
•  C las t sh ap e
•  T id a l R ange
•  S p ec ific  G rav ity
•  A rm o u rin g
•  C h em ica l p ro cesses
T h e  first o rd e r o f  facto rs  that m ay in flu en c e  th e  sed im en t transport o f  m ixed  beach  
are  d esc rib ed  below .
2.3.1.1 Hydraulic Conductivity
H y d rau lic  co n d u c tiv ity  is the m ost c h a ra c te r is tic  p ro p e rty  w h ich  d iffe ren tia tes a 
m ix ed  b each . T h e  h y d rau lic  co n d u c tiv ity , K  (m /s ) , o r perm eab ility , m easu res how  
ea s ily  the flu id  flow s th ro u g h  a p e rm e a b le  m a te ria l and  also  has an im portan t 
in flu en ce  on  sed im en t tran sp o rt p ro c e ss  a n d  sw ash  zo n e  hydrodynam ics. T h is 
in flu en ce  on  sed im en t tran sp o rt is re la te d  b y  th e  b each  p ro file  and the g ro u n d w ater 
flow . T h e  co n cep tu a l c la ss ific a tio n  o f  b e a c h  co m p o sitio n  and perm eab ility  
su g g es ted  by  L opez  B. et al. (2 0 0 3 ) is sh o w n  in F ig u re  2- 6.
Sand
Lo
Mixed ediu
HighG r a v e l / P e r m e a b i l i t y
F ig u re  2- 6  T h e  b eh a v io u r o f  p e rm e ab ility  fo r each  type o f  sed im ent beach  (taken
from  L o p ez  B. et a l., 2003)
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Lopez de San Roman-Bianco (2003) stated that the factors that the permeability of 
mixed beaches depends on are:
• the type of sediment mix, gap-graded or well-graded
• the sizes of the sediments and
• the percentage of these sediments
Researches show that the amount of sand in a mixed beach influences (by reducing) 
the hydraulic conductivity and consequently the profile response of the beach. The 
percentage of sand required to produce a given reduction in hydraulic conductivity 
will vary with both the size and grading of the gravel material, since both properties 
determine the void ratio of the bulk sediment (Mason and Coates, 2001).
Mixed beach profile response is not the same as a gravel beach when it contains 
greater than about 25% sand by weight (or 20% for fine sand) in the sediments 
within a metre or so from the surface(Mason and Coates, 2001).
Mason (1997) found that the permeability of the shingle reduced by 65% with a 
mixture of only 20% medium sand and shingle, and this decrease was almost 90% 
when mixed with 20% of fine sand. Also Mason (1997) found that a reduction of 
the permeability of mixture occurred with the addition of between 10% and 60% of 
shingle to coarse and medium sand, which was explained in terms of tortuosity of 
the fluid path through the mixture (Figure 2-7). In addition, an increase of the 
amount of sand in a mixed beach (even up to 60%) do not cause sufficiently further 
decrease in hydraulic conductivity to have much additional effect on the profile 
response (Mason and Coates, 2001).
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F ig u re  2-7  M aso n ’s (1 9 9 7 ) h y d ra u lic  co n d u c tiv ity  resu lts
2.3.1.2 Groundwater and Infiltration
T h e  b each  g ro u n d w a te r is im p o rtan t fo r  th e  s ed im en t tran sp o rt and  m ore research  
h as  b een  u n d ertak en  e sp ec ia lly  on  san d y  b ea ch es . In a s im ilar m an n er to sandy  
b each es , K irk  (1 9 7 5 ) id en tified  the in flu en c e  o f  b each  g ro u n d w ate r levels on the net 
sed im en t tran sp o rt b u d g et o f  m ix ed  b ea ch es . T h e  g ro u n d w a te r response o f  the 
m ix ed  b each  is no t s ig n ifican tly  d iffe ren t to  th a t o f  a sand  beach . By com parison  o f  
g rav e l w ith  m ixed  b each es , it is fo u n d  (D E F R A , 2 0 0 3 ) that the speed  o f  the 
g ro u n d w a te r re sp o n se  in g ravel b each es  is q u ic k e r  w ith  a m axim um  value o f  the 
o rd e r  o f  lm /s  co m p ared  w ith  the m ix ed  b e a c h e s  w h ich  w as o f  the o rder o f  0 .8m /s. 
F ro m  the  sam e co m p ariso n , the  g ro u n d w a te r  re sp o n se  is cu m u la tiv e  in tim e because 
o f  the lo w er d ra in ag e  cap ac ity  o f  th e  m ix ed  b ea ch es  in com parison  to the gravel 
b ea ch es , “a s  i f  the water table had a "memory” for the previous wave conditions” 
(D E F R A , 2003).
M o reo v er, the  e lev a tio n  and  sh ap e  o f  the  b each  w ate r tab le depend on the 
ch a rac te ris tic s  o f  the b each  m ate ria l (s ize , sh ap e  range, porosity  and  perm eab ility ) 
an d  the  h y d rau lic  co n d itio n s  (w a v es  an d  tides).
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As far as the modelling of the groundwater behaviour is concerned, the model of 
Baird et al. (1996) was the first model that predicted well the observed groundwater 
behaviour on a mixed beach using a single value for hydraulic conductivity (Mason 
et al., 1997). It is a finite difference numerical model based on the one-dimensional 
form of the Boussinesq equation:
where h (L) is the elevation of the water table above a given datum (i.e. the aquifer 
depth), K(LT')  is the hydraulic conductivity, s (dimensionless) is the specific yield, 
x (L) is the distance and t is the time. Moreover, in order to include the groundwater 
fluctuations due to set-up the model has been developed subsequently (Baird et al.,
Furthermore, in mixed beaches infiltration is more important than in sand beaches. 
Therefore, an important part of the development of sediment beach modelling for 
mixed beaches is the swash/backwash module. During both swash and backwash on 
beaches with high hydraulic conductivity, the infiltration should be high.
Nevertheless, there are no laboratory or field experiments which have measured 
differential infiltration during swash and backwash and nor techniques have been 
developed sufficiently to measure this. Mason and Coates (2001) state that the 
principal drawbacks to quantifying the effects of sediment mixture on 
swash/backwash and wave run-up are:
• the spatial and temporal variations in sediment mixture
•  the mobility o f the sediment and often complex beach profile, both o f which 
generally preclude the use o f run-up wires
Eq.2-25
1997).
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• reversing flows in shallow water, high levels o f turbulence and an 
inhospitable environment, which make the field deployment o f electronic 
instruments extremely difficult and expensive.
Mason and Coates (2001) also concluded that any overlying gravel can not dissipate 
much energy through percolation if a mixed sand/gravel layer exists below surface 
at an elevation greater than the tidally-induced fluctuations of the water table. This 
happen due to the fact that both the hydraulic conductivity and specific retention of 
the mixed sediment determined largely by the sand fraction, so that gravel/sand 
mixtures remain saturated for longer than gravel.
2 3 .1 3  Wave Reflection
Another important factor that influences the mixed sediment transport is the wave 
reflection. However, little research has been undertaken on wave reflection from 
mixed beaches.
Davidson et al. (1994) and Mason (1997) observe, for the swell wave component 
(0.05 < f  <0.1 Hz), that the reflection from mixed beach varied with tidal stage with 
the reflection coefficients increased from the steeper upper beach gradient. 
Nevertheless, for the wind waves the reflection coefficients stay constant 
independently from the change in beach gradient.
Lopez B. et al. (2003) conclude that there are two aspects influencing reflection on 
mixed beaches:
• reflection on a mixed beach will reduce by the milder beach slope in 
comparison with a gravel beach and,
•  reflection might be influenced, by the greater permeability of gravel 
-beaches in comparison with mixed beaches, by reducing the amount of 
energy available for reflection.
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Furthermore, Mason (1997) concluded that the mixed sand/shingle beach reflects 
more energy than a sandy beach due to a steeper surface gradient and more than a 
gravel beach due to less energy dissipation through infiltration.
23.1 .4  Threshold Motion
Threshold motion is generally related to sediment size, which makes it difficult to 
describe for mixed sediment. The value of threshold motion for sand is much lower 
than the value of threshold motion for gravel. As a result the sand starts moving 
earlier than the gravel in gravel-sand mixed sediment.
An important factor of the threshold motion is the effect of bed slope. Besides, 
establishing critical threshold of motion for mixed sediments is complicated by the 
relative protrusion into the flow, the angle of repose and the pivoting angle. Despite 
that, some research is in contrast in the role of these processes. Fenton and Abbot 
(1977) and Naden (1987) suggested that larger clasts, due to their higher protrusion 
into the flow, are entrained more easily, whereas Komar and Li (1986) reported that 
granules within a mixed gravel-sized bed, since their critical threshold is lower, are 
removed first.
By laboratory work for mixed beaches, Kuhnle (1994) suggested that with low 
percentage of sand on the mixture, the sand would become trapped within the 
interstices and not be available for transport, so that the effective transport rates of 
sand would be low even at high flow velocities. Accordingly to Parker and 
KJingeman (1982) study, the proportion of coarser grains exposed to the flow is 
increased and the near equal mobility of coarser sizes is restored, once the surface 
layer of sand is removed. As a result, due to the high percentage of sand, the 
coarsening process is inhibited.
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As far as field observations (which are few) of gravel/mixed sediment transport is 
concerned, the field report of Walker et al. (1991) and the results of a funded 
research project, managed by HR Wallingford (Van Wellen et al., 1997; HR 
Wallingford, 1999) measured threshold velocity of about 1.6 m/sec for gravel of 5 
to 2 0 0 mm with no preferential transport of differing sizes.
23 .2  Background of previous models/studies
Little research has been devoted to develop numerical methods /models for 
predicting the morphological behaviour of mixed beaches. There are no parametric 
models, for mixed beaches, existing at the moment. Moreover, attempts to extend 
the numerical models that have been derived for sand beaches into numerical 
models for mixed beaches arise problems (Mason and Coates, 2001, Lopez San de 
Roman-Bianco, 2000). However, the main problem arises from the assumption of 
having a single nominal diameter for the whole mixed beach ignoring flows within 
the beach face (Lopez San Roman-Bianco et al., 2006).
As well, less research has been devoted to cross-shore numerical modelling of 
mixed beaches. In addition, there is no process-based model available to predict the 
response of a mixed beach to a given hydrodynamic forcing. The limited success of 
these models is the result of the inability to understand or model the governing 
physical processes adequately (Lopez de San Roman-Bianco, 2003).
The research work has been limited into the experiments of some members of 
research teams such as the HR Wallingford team and the team of the University of 
Plymouth. Clarke and Damgaard (2002) have worked on the extension of OTTP-1D 
towards a morphological capability and Lawrence et al. (2003) have worked on the 
coupling of a 1-D phase resolving numerical wave model with a sediment transport 
module and a morphodynamic module.
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In order to develop models for use on mixed beaches, it requires input of data 
obtained from field experiments; however, it is difficult to deploy instrumentation 
on mixed beaches. Usually, these models require data obtained from sensitive 
instruments placed in the breaker zone. Placing such delicate instruments in the 
breaker zone of a mixed sand and gravel beach would have them destroyed almost 
immediately. Therefore, the instruments have to be built and placed in such a way in 
order to survive the battering they receive by gravel and waves.
As a result, only few field experiments have taken place on mixed beaches. Kirk 
(1969, 1980) reported that most field evidence suggests that the majority of 
transport on mixed beaches takes place in the inner surf/swash zone. Moreover, 
Pontee (1996), by examining the profile response and sedimentary characteristics 
along the Suffolk coast, concluded that the sand content increased by increasing 
wave height and period, although he came across a great variability in sediment 
composition over a range of time scales under similar wave conditions. 
Furthermore, Mason (1997) described a field investigation of a micro-tidal, ridge 
and runnel composite mixed beach at Morfa Dyffryn, North Wales. Mason (1997) 
concluded that the sand/shingle mixture had a significant ability to maintain a 
steeper slope than would be supported by a sand beach, in relation to the 
morphodynamic response of the ridge. Additionally, since the sand content 
dominated the groundwater behaviour, Mason (1997) found that through swell wave 
reflection, the steep beach slope exerted greater control on the hydrodynamics than 
did energy dissipation through infiltration.
As far as the laboratory experiments for shingle/sand beach are concerned, there are 
three recent reports of laboratory studies (Petrov, 1989; Quick and Dyksterhuis, 
1994; Lopez San Roman-Bianco et al., 2006).
Petrov (1989) examined three dimensional hydraulically-induced sorting of mixed 
gravel and sand sediment (i.e. cross-shore, alongshore and vertically through the 
beach). In the experiments, only one sediment mixture (D50 of just over 5mm at a
42
Chapter H Literature Review
nominal scale of 1:25) has been used and the waves approached at an angle of 15°. 
In agreement with the field observations of Orford (1975), the more spherical 
particles, in the Petrov’s (1989) laboratory experiments, were transported seawards 
while the flatter particles moved landwards. In the meantime, an immobile layer of 
finer size fractions has been produced by the removal of the sand fraction from the 
surface sediments (both by transport alongshore and by sinking into the sediments 
below). Due to Petrov (1989), the kinetic sieving induced by wave action was the 
reason of the downwards translation of smaller particles in his experiments although 
Mason and Coates (2001) believed that it might be also result from simple 
downwashing by infiltrating water.
The laboratory experiments of Quick and Dyksterhuis (1994) have been taken place 
in a small, regular wave flume (approx. 1:40 scale) and were focused on the profile 
response of sand with Dso=900pm, fine gravel with D5o=3 .4mm and a 50:50 
mixture. Each of these sediment was subjected to low, medium and high energy 
conditions. Quick and Dyksterhuis (1994) concluded that due to the hydraulic 
conductivity, the beach steepness is controlled by sand and the profile change is 
achieved though the effect of wave height, infiltration and bed roughness. Finally, 
by using equations derived by Quick (1991), Quick and Dyksterhuis (1994) 
produced an analytical equation which predicts a new equilibrium profile by taking 
an existing profile, two sediment parameters (D^ and Dio) and a wave height.
Lopez San Roman-Bianco (2003) took part of an EU project named “Large Scale 
Modelling of Coarse Grained Beaches”, which was undertaken at the Large Wave 
Channel (GWK) of FZK. in Hannover between March and May 2002. Two beaches 
(Beach I-gravel only with D5o=21mm and Beach II- sand/gravel with a 30:70 
mixture) were constructed with an initial profile of 1:8 and were placed over an 
asphalt permanent slope of 1:6 . This EU project has provided useful data for further 
development of numerical models describing the profile evolution of mixed 
sediment and coarse grained beaches.
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Lopez San Roman-Blanco (2003) based on the research of the GWK experiments, 
proposed new formulations for both gravel and mixed beaches. These formulations 
referred to the calculation of the berm elevation, the step elevation, the dependency 
of the set-up at the shoreline/of the asymptotic over-height and of the coefficient of 
reflection on wave and sediment characteristics.
2.4 MORPHODYNAM1CS
Coarse sediment beaches display distinct morphodynamic features but as Forbes et 
al, (1995) suggest, a comparable understanding of coarse sediment beaches has been 
slow to evolve, whereas, conceptual models for sandy beach morphodynamics have 
been developed.
Lopez and Holmes (2002) noted that in both mixed and gravel beaches, the response 
of the initial profile to the wave action leads to the building up of material above the 
SWL forming a crest or ridge and therefore erosion occurs below the SWL, 
especially below the step or breaking step. The main morphological differences 
between them are that the chainage of the beach at the SWL is always “landwards” 
and the profile change is smaller for the mixed beaches.
According to Forbes et al, (1995) one of the distinctive features of coarse sediment 
beaches is a steep reflective beachface, (often with a low angle platform or apron at 
the base) which allows waves to progress close to the shore before breaking into 
either plunging or surging breakers (Morfett, 1990; Sherman et al, 1993). On coarse 
sediment beaches, energy dissipation through breaking waves is concentrated on a 
much narrower area than occurs on sandy beaches, which causes sediment transport 
to occur primarily within the swash zone (Van Wellan et al, 2000; Forbes et al, 
1995; Kirk, 1980). Van Wellan et al, (2000), suggest that, steep beach gradients 
have the effect of concentrating refraction processes into a narrow zone resulting in
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in co m p le te  re frac tio n , w ith  w a v e s  a rr iv in g  at the  b each face  at a su bstan tia l an g le  
w h ich  ac co rd in g  to  K irk  (1 9 8 0 ) h as  im p lic a tio n s  for sed im en t transport.
A p o rtio n  o f  the in c id en t w av e  e n e rg y  re a c h in g  s teep  coarse sed im ent b each es is 
re fle c ted  as  ed g e  w a v es  (F o rb e s  e t a l, 1995; S h e rm an  et al, 1993). T he p resen ce  o f  
ed g e  w a v es  lead s to  the  fo rm a tio n  o f  c u sp s , w h ich  are com m only  found  on coarse  
sed im en t b ea ch es  (F o rb es  et al, 1995; S h e rm an  e t al, 1993; C arte r and  O rfo rd , 
1984). C u sp s  (b each  cu sp s) a re  th e  fo rm a tio n s  that b each es  show  o f  regu larly  
sp aced , c re sce n tic  accu m u la tio n s  o f  m a te r ia ls , ra n g in g  from  sand  to  co b b les (F igu re  
2- 8). A lth o u g h  C a rte r  an d  O rfo rd  (1 9 8 4 )  h av e  fo u n d  the d ev e lo p m en t o f  edge 
w a v e s  to  b e  p a rtic u la rly  p rev a len t d u rin g  lo n g  p e r io d  ( l0 -2 0 s )  sw ells , S herm an  et al 
(1 9 9 3 ) h av e  in te rp re ted  cu sp s  as  b e in g  th e  p ro d u c ts  o f  p ro g ressiv e ly  d im in ish ing  
se tu p  an d  ru n u p  as  w av e  en e rg y  an d  p e r io d  d im in ish  at the  end  o f  m ajo r storm s.
F ig u re  2- 8 B each  cu sp s
C u sp s  d ev e lo p  as  p art o f  a p ro c e ss  o f  se lf-o rg a n iz a tio n  in v o lv ing  sed im en t transport 
an d  so rtin g  th a t b rin g s  th e  ac tiv e  b e a c h fa c e  in to  eq u ilib riu m  w ith  the p rev ailin g  
w a v e  an d  sw ash  co n d itio n s . I f  th e  g rav e l is e ith e r  su ffic ien tly  co arse  o r p resen t in 
v e ry  la rg e  v o lu m es, th en  cu sp s  an d  b e rm s m ay  be  very  stab le  and p ers is t fo r som e
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time, where through a process of feedback, they continue to influence surf and 
swash dynamics (Forbes et al, 1995; Carter and Orford, 1984). From studies of 
Kirk (1975) and Nolan et al. (1999), it concluded that cusp elevation is controlled 
by breaker height, through swash length, on mixed sand and gravel beaches. 
Moreover, on mixed beaches, cusps having particular spacings form at distinct 
elevations on the beachface, with the largest spacings occurring at the highest levels 
on the beachface (Nolan et al., 1999).
Cusps are also the sites in which the run-up of swash attains its maximum limit 
(Sherman et al, 1993). Having been accentuated by edge waves, high swash run-up 
may lead to either barrier crest sedimentation of marine gravels (Carter and Orford, 
1984), or berm overtopping and breaching (Short, 1979), the latter contributing to 
either shoreline migration (Carter and Orford, 1981), or landward migration in the 
case of gravel barriers (Ciavola, 1997; Forbes et al, 1995; Carter and Orford, 1984).
As coarse sediment beaches are highly permeable they allow swash infiltration and 
seepage to occur (Forbes et al, 1995), which according to Inman and Bagnold 
(1966), exerts a primary control on beach slope and as Van Wellan et al, (2000) 
indicate is probably also responsible for the berm found at maximum swash run-up. 
A study conducted on mixed sand and gravel beach, found that, due to the enhanced 
permeability, beach gradient steepness with an increase in sediment size and sorting, 
(McLean and Kirk, 1969), however Van Wellan et al, (2000) suggest that once the 
volume of sand in a mixed sand and gravel beach exceeds about 30 percent by 
weight hydraulic conductivity is reduced to about that for a sand beach. That, as 
indicated by Carter and Orford, (1984), brings a corresponding decrease in beach 
slope sufficient for the transition from a stable reflective beach to one more likely to 
pass through intermediate, and even dissipative stages.
As confirmed by Masselink and Li (2001) swash infiltration has a dominant role in 
determining the gradient of coarse sediment beaches, as it increases onshore swash
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asymmetry that enhances onshore sediment transport creating a steep beach slope. 
Carter and Orford (1984) in a study regarding gravel barriers found that shoreward 
barrier migration occurred because of a lack of tidal passes, as very little sediment is 
transported seaward, with swash infiltration.
Finally, in terms of morphological response, very little has been done to establish 
cyclic patterns in the profiles of gravel beaches (Sherman, 1991). However, 
Sherman (1991) and Caldwell and Williams (1986) have shown that a cyclic model 
of beach profile response, based on the development of characteristic storm and 
swell morphologies as originally described for sand beaches, is applicable to gravel 
beaches.
2.5 POTENTIAL NUMERICAL M ODELS
This section will introduce some of the existing models that could be used /modified 
in order to describe the behaviour of the gravel and mixed beaches (especially for 
cross-shore sediment transport).
Kobayashi et al. (1997) have developed a numerical model, which applied on 
regular and random waves, for obliquely incident shallow-water waves with small 
incident angles to elucidate the dispersion effects due to die vertical variations of 
instantaneous horizontal fluid velocities on the depth-integrated continuity, cross­
shore and alongshore momentum equations:
Eq.2-26 ^ -  + ^ -(hU) = 0
dt dx
Eq.2-27 — (hU) + — (hU2 +m) = - h ^ - - T b
dt dx dx
Eq.2-28 £-(hV) + ^ -(hUV + n) = -h ? £ --T b
* dt dx dy
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where,
t is the time, h is the still water depth, U is the current velocity in x-direction, V is 
the current velocity in y-direction, r\ is the elevation of the water level due to the 
wave setup/setdown, tb* and tby is the x and y components of bottom shear stress 
respectively. The time-averaged alongshore momentum equation was obtained from 
Eq.2-27 for the case of alongshore uniformity:
— (5„ )  + —  
dx ” dx
Eq.2-29 S v ) ?0- = - z by
where,
Sxy is the radiation stress component
The dispersion terms m and n in these equations express the additional cross-shore 
and alongshore momentum fluxes, respectively. The equations for m and n derived 
from the depth-dependent cross-shore and alongshore momentum equations.
In addition, Leont’yev (1999) has introduced an approach that implied the 
modelling of the whole suite of elementary processes responsible for changes in 
nearshore bottom topography during a given storm. The hydrodynamic governing 
equations (momentum, continuity and energy) that Leont’yev (1999) used were:
r- ,  ™ SM, 8M * I h 8 M M  / h d£ F 1 dr, AEq.2-30 ---- -  + ---- —  + g h ^ -  + —  + — ----------------------- -^  = 0
dt dx dy dx p  p  p  dy
dM, 8M 2 / h n r  Fy 1 dr. „
Eq.2-31 — ^  + ^ + — ^ --------------+ 2 * ^ -  + —  + — ----~r~ = 0dt dx dy dy p  p  p  dx
^ .2 .3 2  K S J L j - t L . ,
^  dt dx dy
where £ is the wave setup, Fx and Fy represent the forcing terms (in x- and y- 
direction) caused by the radiation stress and stresses due to rollers in breaking
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waves, Ti is the Reynolds stress value due to turbulent mixing, Mx=Uh and My=Vh 
and the energy equation :
a
Eq.2-33 — (EC cos 0) + — (EC sin 0) = -D
dx dy g
where, Cg is group velocity.
Furthermore, Kobayashi and Kaijadi (2001) have developed a two-dimensional, 
time-dependent numerical model for finite-amplitude, shallow water waves with 
arbitrary incident angles in order to examine oblique wave dynamics on steep rough 
slopes.
The time-averaged continuity, momentum and energy equations that were used to 
check the accuracy of the numerical model as well as to examine the cross-shore 
variations of wave setup, return current, longshore current, momentum fluxes, 
energy fluxes and dissipation rates were the followings.
The time-averaged continuity and momentum equations:
Eq.2-34 — (hU) + — (hV) = 0
ox dy
Eq.2-35 JL<S_) + | - (SV) — A ^ - r ta
with
S a =hU2 + ^ ( n ~ n ) l <Swy = hUV;
r ta = f \ u 2 + y 1)v2u-,Th. = f ( u 7+y 2)',2v
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where f is the friction factor and Sxx, Sxy and Syy = time-averaged momentum fluxes 
similar to radiation stresses (Longuet-Higgins, 1970).
Also, the time-averaging normalized energy equation:
where Fx and Fy = time-averaged energy flux per unit width in the x and y- 
directions, respectively; and Df and Db = time-averaged rate of energy dissipation 
per unit horizontal area due to bottom friction and wave breaking, respectively. The 
dissipation rate Db is related to the vertical variations of horizontal velocities and 
shear stresses outside the bottom boundary layer which were not predicted in that 
two-dimensional model.
As far as the morphodynamic models are concerned, Lee et al. (1996) have 
developed a robust and efficient beach-erosion prediction model based on the 
inhomogeneous diffusion equation (Kobayashi, 1987) that was implemented with 
moving boundary conditions. This numerical model was used to investigate beach 
evolution, dune recession, and offshore movement of the breaking point for various 
initial profiles and time-varying storm conditions.
Moreover, the governing equation for on-offshore sediment transport had the form
Eq.2-37 j L (Fi) + JL (Fy) = - D / - D,
with
F, = h l^r, + ± (U 2+V2) [ Fy =hV 7 + I (t/ 2+ r J) ;F. = hU\
Df  = / ( l / J +K2) '5
of:
Eq.2-38
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2
where, S= sea level rise; D(h) = a>[h\K = —aA3'2 , a is the cubic velocity profile
parameter and hb = breaking water depth.
Furthermore, Lee et al. (1999) have adopted this approach (Eq.2-38) in order to 
investigate the generation of nearshore bars by multi-domain hybrid numerical 
model. Similar equation with Eq.2-38 was used in the numerical model of Lawrence 
et al. (2003) who have investigated the cross-shore sediment transport on mixed 
coarse grain sized beaches.
Karambas and Koutitas (2 0 0 2 ) have developed a nonlinear breaking wave model in 
order to compute the nonlinear wave transformation in the surf and swash zone. 
With the aim of computing the changes in beach profile, they use the conservation 
equation of the sediment mass, given a form of:
where Zb -bottom elevation and the value of coefficient Cm was set to a value of 2.0 
and qt is the total average load in the submerged part of the beach.
Leont'yev (2003) has developed a numerical model in order to compute the 
morphological response in coastal zone for different temporal scales. His model was 
based on this original one (Leont'yev, 1996) describing the whole sediment 
transport in the nearshore area. Leont'yev’s (2003) model, in contrast with previous 
models, has included the influence of the longshore flux in the cross-shore sediment 
transport (Figure 2-9).
Eq.2-39
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zone o f  
w ave shoaling
swash zone
nran sal I-water lc\d
^HrmsO x
►
Xb Xw *c Xr
F ig u re  2 -9  S ch em e  o f  n e a rsh o re  z o n e  (ta k e n  from  L eo n t’yev , 2003)
T h e  c o n tin u ity  eq u a tio n  fo r sed im en t tra n sp o r t  fo r h is  m o rp h o d y n am ic  m odel had 
the  fo rm  of:
w h e re  d  is th e  w a te r d ep th  m easu red  fro m  th e  lev e l a t re s t, t d en o tes  tim e, qx and
qy a re  the c ro ss-sh o re  an d  lo n g sh o re  v o lu m e tr ic  sed im en t flu x es (p e r un it w id th  in
the  d irec tio n  n o rm al to  the  sed im en t flux  co m p o n e n t) , and  the co o rd in a te  axes OX 
an d  OY a re  sh o re -n o rm al an d  sh o re -p a ra lle l re sp ec tiv e ly . In E q .2 -40 , tem pora l 
ch a n g e s  in the  local d ep th s  a re  d e te rm in e d  by  sp a tia l g rad ien ts  o f  the sed im en t flux. 
T h e  c o n trib u tio n  o f  the  c ro ss-sh o re  ( qx) an d  lo n g sh o re  ( qy) co m p o n en ts  depends,
am o n g  o th e rs , on  the ch o ice  o f  the  tem p o ra l sca le  o f  the co n sid ered  process. F or 
in s tan ce , the  lo n g -te rm  ev o lu tio n  o f  a c o a s ta l zo n e  w ith  g ro in -ty p e  structu res is 
m a in ly  in flu en ced  by  g ra d ie n ts  o f  th e  lo n g sh o re  sed im en t flux. By con trast, the 
sh o re lin e  d isp lacem en t an d  ev o lu tio n  o f  a  co as ta l p ro file  d u rin g  a sto rm  even t 
d ep e n d s  m ain ly  on  the g ra d ie n ts  o f  th e  c ro ss -sh o re  sed im en t tran sp o rt flux.
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2.5 CONCLUSION
The investigation of previous work in the field of sediment transport in gravel and 
mixed beaches has shown that this is a field of very complex natural processes. 
Several researchers have been working to solve different problems in this field and 
by thorough investigation of the different fields of work and their solutions, outlined 
in this chapter, a consistent gap has been established which needs to be further 
explored.
The majority of existing research on beach processes and morphodynamics has 
concentrated upon sandy beaches, however gravel and especially mixed beaches are 
only just beginning to receive attention in the research field. There are a number of 
numerical and parametric models that can predict the sediment transport of gravel 
beaches and none that can predict accurately the sediment transport of mixed 
beaches. Most of the models that are used in predicting the profile response of 
gravel or mixed beaches are based on laboratory/field tests with wave conditions 
and with normal wave angles.
A more detailed research on beach processes and morphodynamics of gravel and 
mixed beaches has been the primary objective of this thesis. This research was 
undertaken based on laboratory tests on gravel and mixed beaches with uniform 
slope and a trench. The establishment of a parametric model which can be applied to 
predict the breach profile of both gravel and mixed beaches being attacked by 
oblique waves has been established as the secondary objective of the thesis.
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CHAPTER 3 
EXPERIM ENTAL SET-UP
3.0 INTRODUCTION
The importance of laboratory experiment is well known for scientific research, since 
experiments give rise to the opportunity to check on the accuracy of theoretical 
models, and also improve on the understanding of the physical processes involved 
in the theoretical model.
The laboratory experiments have the advantage of creating controlled conditions. 
With the help of highly sensitive equipments, laboratory experiments can facilitate 
accurate measurements and reduce significantly the cost in comparison with the 
field studies. Despite that, laboratory experiment is not a field experiment; meaning 
that it can not replicate exactly real natural conditions. Because of that, extensive 
care is taken when constructing the basin geometry and the boundaries, so that the 
designed wave current system is not significantly affected by scaling.
For the purpose of the thesis, an experiment was carried out in the three- 
dimensional wave basin located at Franzius-Institute (Marienwerder), Hannover 
University. The experiment ran for nearly 70 days and was undertaken for a beach 
model which consisted first of gravel sediment and secondly of mixed (gravel and 
sand) sediment.
The objective of the experiment was to gain understanding of the mechanism of the 
cross-shore distribution of wave-induced currents in mixed and gravel beaches. 
Comparative results between the gravel and mixed beaches help to understand their 
differences and similarities.
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T h is  c h a p te r  su m m arises  th e  p ro c e d u re  an d  se t-u p  o f  the ex p erim en t re lev an t to  the 
th es is .
3.1 T H E  W A V E  BASIN
T h e  w av e  b as in  w as req u es ted  an d  g ra n te d  as a su b stitu tio n  o f  an  o ld  w ave basin . It 
is su ffic ie n tly  d im en sio n ed  fo r th re e -d im e n s io n a l sw ell investigations. T he  w ave 
b as in  had  a leng th  o f  40  m , w id th  o f  2 4  m  an d  co u ld  be filled  up, to  a m ax im um  
d e p th  o f  w a te r  o f  0 .7  m  (F ig u re  3 -1).
E x p e r ie n c e s  from  past m o d e ls  o f  w a v e  p ro d u c tio n  req u ired  that the  p lan t w as 
co n tro lle d  b y  sep a ra ted  m o b ile  in d iv id u a l c o m p o n e n ts  w ith  a to tal w id th  o f  abou t 25 
m . T h e  w a v e  m ach in e  p la te s  im p le m e n te d  a  p u re  tran s la tio n  m o v em en t (p is to n  
ty p e ) an d  co u ld  be used  in w a te r d e p th s  to  a b o u t 0 .7  m .
C ontro l C en tre
W ater Basin
^ S t r o k e :  0.7m
Max W a \ c  
Height: 0.4m
W idth: 24m
F ig u re  3-1 D im en sio n s  o f  the  n ew  w a v e  b a s in  (tak en  from  Z im m crm an n  C. et al.,
J u n ’9 9 - F e b ’0 0 )
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To have better absorption control within the long-periodic range, first the stroke 
(moving range of the plates of the wave machines) of 0.6 m (standard) was 
increased to 0.7 m because of better efficiency of a control with consideration to 
components bound to it. The performance diagram of the wave machines (Figure 3- 
2) shows that wave heights, to approximately 0.33 m, can be produced with a water 
level of 0.5 m.
1J 2.0 3.0 4J
Figure 3-2 The performance diagram of wave machines. Maximum theoretical wave 
height H, as a function of the wave period T, at water depths at the paddle of 0.7 & 
0.5m respectively (taken from DHI User Manual, July 1999)
Furthermore the machines were built with basic width of 3 m (standard 5.5 m). The 
desired total width of 5 m was reached by (removable) wing elements. The plates 
of the wave machines were moved by oil hydraulic cylinders. Each of the two 
machines was supplied with the intended capacity range by a pressure station.
The overall system allowed the regulation units to control the valves of the 
hydraulic cylinders, as well as a computer (PC) with appropriate software, also used 
for data acquisition and evaluation. A system was present for absorption control 
(absorption of reflected waves at the wave machine). Also, at the end of the wave 
basin, around 6 tonnes of gravel were placed in order to absorb the wave energy and 
diminish the reflected waves.
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3.2 T H E  P H Y S IC A L  M O D E L
3.2.1 The beach model
A b each  m odel o f  8m  x 7m  x 0 .7 m  (w id th  x len g th  x dep th ) w as set up in the m idd le 
o f  th e  w av e  basin . It w as o p en  to  th e  s id e  from  w hich  the generated  w aves w ere 
ap p ro ach in g  to  (F ig u re  3-3). T h e  b ea ch  w as  o rien ted  in such a w ay that w aves, 
g en e ra ted  by  the  w ave  padd le , w e re  a lw a y s  ap p ro ach in g  w ith  an angle o f  15° to  the 
b each  (F ig u re  3-4). T he b a th y m etry  o f  th e  b ea ch  co n sis ted  o f  a un ifo rm  slope beach  
(s tra ig h t-lin e  para lle l co n to u r) an d  a  tren c h  (c u rv e d  co n to u r) w ith  a w id th  o f  2m , as 
sh o w n  in F ig u re  3-5.
Wove makers
<50
10 4*-v' 6^47
1&J50
- w i - Model 
Beach
14 890
F igure  3-3  P lan  v iew  o f  the  w ave basin
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wave m a k e r s
MOOGL BEACH
F ig u re  3 -4  O rie n ta tio n  o f  th e  b e a c h  m o d e l an d  the w ave  angle
!5°-wave angle
-----------►X
0 00 1 00 2 00 3 00 4 00 5 00 6 00 7.00 8 00
0 00 H------------ 1------------ 1------------ 1------------------------- 1------------ 1------------ 1------------h
 0 . 0 6 ------------------------------------------------------------------------------------
F ig u re  3-5 B a th y m e try  o f  th e  b ea ch  m o d el (un its  in m eters)
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The design of civil engineering projects such as pipelines often requires the 
dredging of trenches. To estimate the fluid forces acting on the submerged structure 
or to compute the siltation rate of the dredging trench, detailed knowledge of the 
flow field is of importance.
The trench can be used as a costal defence feature where the long-shore sediment 
transport rate, in a beach, is high. The trench acts as a sediment trap, where bed load 
and suspended sediment settles into the trench. In such a way the trench traps the 
sediment that the beach losing by the long-shore sediment transport. Detailed 
knowledge of the sediment transport in the trench is of importance.
Therefore, it is important to include the trench in to the beach model to investigate 
its hydrodynamic and morphodynamic behaviour. The location and the dimensions 
of the trench in the physical model would not have any significant impact in the 
profile changes of the beach with the uniform slope.
3.2.2 Sediment
The beach model was constructed twice for the purpose of the experiment. Both 
times different type of material was used. The two different beach set-ups were:
1. Gravel beach: this consisted of material sieved between 16 and 32 mm, with 
a median diameter of Dsogravei =22.76mm (Table 3-1). Although the gravel 
was not as perfectly rounded as that found on natural beaches, it was 
considered to be within acceptable limits of angularity. The beach material 
porosity was around 0.45 and the density of the sediment was 2450 kg/m3.
2. M ixed beach: this consisted of a bimodal mix between gravel and sand,
which had a Dsound =300pm. The median diameter of the mixed sediment 
was Dsomix = 12mm (Table 3-1). The percentage of sand in the mixture was 
around 40%. The sediment was thoroughly mixed prior to beach
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construction outside the wave basin and during beach construction within 
the wave basin. For the mixed beach, the porosity was far lower than for the 
gravel beach of around 0.2 and the density of the sediment was 2580 kg/m3.
Figure 3-6 below shows the initial sediment size distribution for both beach 
materials. Initially, the beaches were constructed at a 1:10 slope but they were not 
reshaped during the experiment procedure (except when the sediment changed), so 
that the initial condition for each test was the final profile from the previous test. 
Reshaping the beach in such a large facility would have been very time consuming 
and therefore not practical, and there are also uncertainties as to what should be an 
appropriate initial condition in any event. The beaches were conducted at this slope 
due to the fact that firstly, the gravel beaches are steep, in general steeper than about 
1:10 and secondly, the mixed sand and gravel beaches can be steep reflective 
beaches which have in generally a beach slope of the range of 1:10.
100
Mixed Beach
Gra vel Beach
315025 1 2  4 8
05 Sediment size (mm)
Figure 3-6 Initial sediment particle size distributions for gravel and mixed beach
material
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Table 3-1 The different particle sizes of the sediments
Type of Beach Ds
(mm)
D ,5
(mm)
D,6
(mm)
Dso
(mm)
D s4
(mm)
Dss
(mm)
D90
(mm)
D94
(mm)
Gravel Beach 15.35 16.66 16.83 22.76 28.38 28.86 29.59 30.50
Mixed Beach 0.21 0.32 0.33 12 25.20 25.9 27.31 29.19
3.23  Construction issues
A number of factors had to be considered for the construction of the beach model. 
These factors are discussed below:
• Compaction: In preventing different compaction of the sediments along the 
beach due to the machinery, resulting irregularities across the beach during 
the experiment, the sediments were compacted manually.
• Settlement: Mixed Beach appeared to be quite compacted at the end of the 
construction. However the basin was filled with water over 8 hours before 
carrying out the instrument calibrations. During this time, it was apparent 
that some settlement had taken place especially at the rear (at y=-7m) of the 
beach.
3.2.4 The Reinforcement
Due to the fact of the size of the waves, and as consequently the high energy, that 
would be produced by the wave paddles and would impact on the beach, the model 
had to be reinforced on its three sides (at y=-7m, x=Om, and x=8m) in order to 
withstand the wave breaking and to become more stable. After various tests with 
different wave periods and wave heights, it was concluded to reinforce the model 
with 3 layers of stones on each of the three sides.
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For the rear sides of the model, the layers were consisted of stones with dimensions 
of 23.6 x 37 x 23.6 cm (height x length x width). The rear side was more reinforced 
by 10 small stone towers placed at equal distances from each other. The small stone 
towers, which had the same dimensions with the stones the sides of the model at 
x=0m and x=8m, were placed to prevent the beach to move backwards. 
Furthermore, several stones were placed at the corners of the rear side in order to 
prevent the small stone towers and the layers to be destroyed from the phenomenon 
of the diffraction.
As far as the other sides (x=0m and x=8m) were concerned, the layers consisted of 
stones with dimensions of 23.8 x 37 x 17.2 cm. Several stones were placed along 
the sides in order to make them solid and to prevent the stones to fall into the beach. 
Finally, the model was braced along the sides, at x=0m and x=8m, with gravel in 
order to be stable. The reinforcement was arranged in such a way in order the model 
to be safe since the instability would slow down the progress of the experiment.
3.2.5 Additional structure
The size of the beach required the construction of a structure with the aim of taking 
measurements safely and accurately. The structure had a height of 1.7m and was 
mainly made of steel. It consisted of two steel trusses that were connected with a 
scaffold which played the role of a walkway for the technician and the researcher. 
Two steel bars with dimensions of 8cm x 6m x 6cm were placed above the trusses 
with a 3.9m distance from each other. The steel bars played the role of the rails of 
the wheels of a steel hollow section. The steel hollow section had dimensions of 
9.5cm x 1.6m x 4m x 5cm (height x length x width x thickness) and could move at 
the vertical direction of the beach. Two steel bars were placed at both sides of the 
hollow section with the intention of placing the ADV and have the opportunity to 
take measurements at the horizontal direction of the beach. At that place, the ADV 
could also be moved upwards and downward to take measurements in z direction.
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Furthermore, a steel gantry was placed at the steel hollow section in order the 
technician or the researcher to sit and use the ADV. A plan view of the beach model 
with the additional structure can be seen in the 
Figure 3- 7.
Due to the fact that the model was at the centre of the basin another walkway was 
needed to be constructed. The new walkway connected the structure with the side of 
the wave basin where the computer, at which the data was stored, was.
The additional structure, the wave basin and the construction of both beach models 
can be seen in Appendix 1 (Al).
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Figure 3- 7 Plan view  o f  the w ave basin  and o f  the additional structure (units in m eters)
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33  INSTRUMENTATION
During the experiment measurements have been taken of water surface elevation 
further to the beach model, velocities at the surf and swash zone, and beach profile 
changes in different locations. For these measurements, an acoustic Doppler 
Velocimeter (ADV) and wave gauges (GHM Wave Height Meter) were used. Six 
wave gauges where placed offshore the beach model, where they measured water 
surface elevation and consequently the wave height and wave period. The exact 
locations of the six wave gauges are in Figure 3-3 and in Appendix I (A2). The 
ADV was used to measure the wave driven current velocities and the beach profile 
changes.
33.1 GHM Wave Height Meter (dynamic liquid-level measurements)
As it is known, the wave-height meter has been designed for dynamic fluid level 
measurements, e.g. wave-height measurements in hydraulic models. The instrument 
that was used in the experiment was composed of two parts:
-a gauge with integral pre-amplifier, and 
-a separate main-amplifier
The gauge consisted of two parallel stainless steel rods (Appendix 1-A2), mounted 
underneath a small box, containing the pre-amplifier and the dc-dc converter. The 
rods acted as the electrodes of an electric resistance meter. To eliminate the effect of 
the conductivity variations of the fluid, a platinum electrode was part of the system. 
The main-amplifier contained a power supply, a variable gain amplifier, a zero-shift 
and a panel-meter, indicating the instantaneous wave-height. (Technical Manual for 
Wave -  Height Meter (G.H.M.))
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The probe was connected by means of the measuring-cable supplied, to the 
connector at the rear of the cabinet, at the same side of the control-unit to be used. 
Power for the probe was supplied also via this cable.
Before the measurements started, the probe was attached to e.g. a point-gauge for 
calibration and fixed position for measurements. The depth was chosen in such a 
way that, during calibration and measurement the top of the reference-electrode is at 
least 4cm under the water-surface. The electronics housing kept dry under all 
conditions. The immersion-depth that started with the calibrations was half the 
value indicated on the switch “Range” +4cm. measured from the top of the 
reference-electrode. With the multi-turn dial “Zero” the pointer of the indicating 
meter (and also the output-voltage) was adjusted to its center-scale position (= OV 
output) and then the calibration was made.
After calibration the gauge was placed at the measuring-point, taking care that the 
wave crest met both rods simultaneously. There was no objection to 
execute/perform the calibration on the measuring-point, provided the water level 
remained sufficiently constant. When several Wave Height Meters are used close to 
each other, a certain mutual influence can be experienced, but because distances in 
the experiment were more than 20cm, this influence was neglected.
Finally the procedure for wave spectrum calibration was split into two parts, the 
first to record the spectral properties and to obtain the appropriate gain setting on 
the wave maker machine, and secondly to record the statistical properties of the 
spectrum over at least 1000 waves. During testing, a similar procedure was used, 
usually, only statistical data was likely to be recorded. For both cases there was a 
consistency in recording.
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3.3.2 ADV (Acoustic Doppler V elocim eter)
A c o u stic  D o p p le r V e lo c im e te r (A D V ) w a s  d ev e lo p ed  to  satisfy  the need  for an 
ac cu ra te  cu rren t m e te r that can  m e a su re  3 D  d y n am ic  ve locity  in physical m odels. 
A D V  can  rep lace  sev e ra l ty p es  o f  flo w  m easu rem en t instrum ent and  th ere fo re  
s im p lify in g  p ro ced u re s  for te c h n ic ia n s /re se a rc h e rs  w h ile  p rov id ing  con tinuous 
d ig ita l re co rd s  at u se r-sp ec ifie d  s a m p lin g  ra tes .
3.3.2.1 ADV - The Instrument
F ig u re  3 -8  sh o w s an o v e rv ie w  o f  th e  A D V  th a t w as  u sed  in the  experim en t. T he 
sy s tem  h ad  fo u r m ain  m o d u les: th e  A D V  se n so r , the A D V  p ro b e , the A D V  signal 
co n d itio n in g  m o d u le  and  the  A D V  p ro c e sso r .
HtgO-ffequeocv cable
ADV S o  
CondtK moduli
ADVLab
ADVRe*d
sptashproof 
box or 
underwater 
canister)
A coutfc^^ Acoustic
Transmitter •  receiver
Samping 
volume
F ig u re  3 -8  N am in g  co n v e c tio n  fo r th e  A D V  (A D V  O p era tio n  M anual, 1997)
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• The ADV sensor comprised of two acoustic or three acoustic receivers and a 
transmitter.
• The ADV probe was attached to the ADV signal conditioning module and 
was assembled by the sensor, a stem and an endbell.
• The ADV signal conditioning module holden the receiver. A penetrator was 
attached permanently with a high-frequency cable.
• The ADV processor, which is connected with the ADV signal conditioning 
module through the high-frequency cable, consists of a PC-card or a set of 
three cards enclosed in an underwater housing or in a splash-proof 
enclosure. The ADV processor that was used in the experiment consisted of 
only a PC-card.
33.2.2 The use o f the ADV in the experiment
The type of probe that was used in the experiment was a 3D down-looking probe as 
sketched in Figure 3-9 and Figure 3-10.
Figure 3-9 Sketch of ADV Probe and its Coordinate System
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(S n y d e r  an d  C astro , 1999)
X
F ig u re  3 -1 0  S tan d ard , 3D  d o w n -lo o k in g  p ro b e  (A D V  O p era tio n  M an u a l, 1997)
In F ig u re  3 -1 0 , the  red  re ce iv e r a rm  in th e  d ire c tio n  o f  the  x -ax is  and  the  ve loc ity  V x 
in th e  so ftw a re  re fe rs  to  the  v e lo c ity  a lo n g  th is  ax is . T h e  d irec tio n  o f  the y -ax is  and  
th e  z -ax is  a re  b ased  on  the  d e f in itio n  o f  a  r ig h t-h a n d e d  co o rd in a te  sy stem  w here  z is 
p o in tin g  u p w ard s  (to w a rd s  the  c o n d itio n in g  m o d u le ).
F o r the  d u ra tio n  o f  th e  ex p e rim en t, the  p ro b e  w a s  m o st o f  the  tim e su b m erg ed  in the 
flow  and  the  rece iv e rs  w ere  s lan ted  at 30° fro m  th e  ax is  o f  the transm it transducer 
an d  fo cu s on  a co m m o n  sam p lin g . In  g e n e ra l, the  v o lu m e  w as located  e ither 5 o r 
10cm  from  the p ro b e  to  re d u ce  flo w  in te rfe re n c e  (F ig u re  3- 11). D uring  the  
e x p e rim en t the  sam p le  v o lu m e  w a s  lo ca te d  5 cm  aw ay  from  the transducer. T he 
sam p lin g  ra te  w as fix ed  at 2 5 H z  an d  a lso  th e  v e lo c ity  range w as set at ± 30cm /s 
b e fo re  d a ta  co llec tio n  w as  s ta rted .
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Processor
5 or
F ig u re  3- 11 M easu rin g  v o lu m e o f  A D V  (tak e n  from  L ohrm ann  et al., 1994)
T h e p ro c esso r o u tp u t w as R S -422  c o m p a tib le , an d  the so ftw are  used  for the data 
acq u is itio n  w as version  A D V  2 .6  (N o rtek ). U s in g  the  so ftw are  A D V  2.6, the three 
v e lo c ity  co m p o n en ts  (V x,V y,V 2), th e ir  s tan d a rd  d ev ia tio n s  (a V x,a V y,o V z), the 
s ig n a l-to -n o ise  ra tio  (S N R 1 /2 /3 ) m easu red  at each  o f  the  th ree receivers in A D V  
an d  the signal co rre la tio n  co e ffic ien t (C o rr  1 /2 /3) o f  the  rece iv ers can be d isp layed  
at all tim e d u rin g  the exp erim en t.
T h e  co rre la tio n  co e ffic ien t o u tp u t w ith  each  A D V  sam ple , is a contro l param eter 
that in d ica tes the d eg ree  to  w h ich  all p a r tic le s  w ith in  the sam pling  volum e are 
m o v in g  in ex ac tly  the sam e w ay. Ideal v a lu es  o f  the  corre la tion  p aram eter should be 
b e tw een  70  and  100. G en era lly , the  h ig h e r the  SN R , the h igher the correlation  and 
the  m ore re liab le  the v e lo c ity  m easu rem en t is. H ow ever, the p resence o f  bubbles o r
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large individual particles, a low SNR or interference from boundaries, or even high 
turbulence can cause low values of signal correlation coefficient (Corr).
3.4 W AVE GENERATION
An important aspect of the experiments was the wave generation. The system that 
used to generate the waves was the 2D basin wave generating system with the 
WAVEPC software.
3.4.1 The 2D basin wave generating system
The main components of the system were the followings (DHI quotation, 1998):
5 Wave paddle units type 070/B-300/500 
3 Hydraulic Power Pack units type 302/45-140 
2 Wave Controllers type 414/2 
1 Wave Synthesizer package type 452/16 
1 AW ACS (Active Wave Absorption Control System)
A description of the wave paddles and the AW ACS is following. The rest of the 
components of the wave generating system including the software used for 
generation and storing data, are described in Appendix I (A3).
3.4.1.1 The Wave paddles
The 5 movable basin wave paddles were able to generate 2D regular and random 
waves. The wave paddle was of the piston type. Any number of wave paddles could 
be synchronized and thereby provide the required overall wave front length. The 
stroke of the wave paddle was 700mm and the paddle height was 1.00m. The base
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width of the wave paddle was 3.00m. Additionally, two attachable/detachable wing 
elements enabled the paddle width to be extended to 5.00m.
Moreover, the wave paddle was driven by a hydraulic actuator. The hydraulic servo 
actuator consisted of a double-ended, symmetrical hydraulic piston which was 
trunnion mounted to allow unrestricted movements in all directions.
Furthermore, the five wave paddles were controlled by two wave controllers. Each 
wave paddle/servo actuator was controlled by a servo amplifier module. Easy access 
was provided for adjustment of the servo gain. In addition to the servo amplifier 
modules, the wave controller featured a signal generation module for easy 
generation of regular waves. For generation of random waves, the wave controller 
received the relevant control signal from the Wave Synthesizer.
3.4.1.2 The Active Wave Absorption Control System (AW  ACS')
The AW ACS was a digital control system that enabled wave paddles to 
simultaneously generate the desired waves and to absorb online spurious waves 
reflected from the flume back to the wave paddle. Re-reflection from the paddle was 
virtually eliminated. Hereby, the desired incoming wave field was controlled with 
superior precision, notable if reflection from the flume is significant. The AWACS 
worked equally well for regular and random waves.
The system made use of digital recursive filters designed to ensure excellent 
performance for a broad frequency range. The AWACS, in conjunction with a 
standard wave paddle, practically eliminated the problem of re-reflection by 
absorbing the reflected waves.
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CHAPTER 4 
THE EXPERIMENTAL TESTS AND RESULTS
4.0 INTRODUCTION
As the construction of the beach model finished, the experimental tests began. The 
experiment comprised of ten tests, which were mainly focused on the profile and 
wave current measurements across the gravel and mixed beach.
However, the experiment involved making measurements of wave height and wave 
period. These measurements were carried out with the use of the six wave gauges 
(probes) at locations which have been in Chapter 3.
Moreover, the wave driven current (for all the dimensions) measurements were 
carried out with an ADV. The observations started 10 minutes after the first wave 
was generated. These 10 minutes were sufficient to eliminate long-periodic start- 
related variations in wave fields. The current velocity observations were done at 
various levels in the horizontal and vertical direction. This allows an estimate of the 
vertical structure of the time-averaged velocity and a more accurate determination 
of the depth-averaged current velocities than measurements taken at a single 
elevation. The accuracy of the present current velocity data is good mainly because 
is due to the large number of observations per measuring point. The data presented 
here are not just for application in this thesis alone, but could be used by others as 
well.
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T h e  A D V  w as a lso  u sed  to  m e a su re  th e  p ro file  developm en t o f  the beach . D ue to 
th e  fact that A D V  can  o n ly  tak e  m easu rem en ts  b e lo w  w ater, its m easu rem en ts w ere 
re la ted  to  the su b m erg ed  part o f  th e  b each . F o r the  rem ain ing  part o f  the beach , the 
p ro file  m easu rem en ts  w ere  c a rried  o u t w ith  the  use o f  a m easuring  stick.
T h e  p ro file  and  w av e d riv en  c u rren t m ea su re m e n ts  w ere  taken at th ree c ross-shore  
sec tio n s  o f  the  beach . T h e  first w as  at th e  c u rv ed  b each  section  (at x=2.0m ) and the 
o th e r tw o  at the  s tra ig h t b each  sec tio n  (a t x = 4 .0 m  an d  at x= 5 .64m ). T hese sections 
h ad  a leng th  o f  ap p ro x im a te ly  5 .4 m  and  th e ir  lo ca tio n  can  be seen  in F igure 4-1 
b e lo w . In F ig u re  4-1 th ese  sec tio n s  a re  sh o w n  as lines and  th a t’s how  they w ill be 
m en tio n ed  in  the thesis. In th is  fig u re  th e  c o o rd in a tio n  o f  the positive  x and  y 
d irec tio n  has been  ind icated .
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FigUre 4 - 1 L o ca tio n s  o f  m easu rem en ts  (th e  th ree  lines: L I ,  L2 and  L3)
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The bathymetry of the beach with the uniform slope is replicate by using Eq.4- 1 , 
whether the bathymetry of the trench can be replicate by Eq.4- 2.
Eq.4-1 h(x,y) = sx for 0 < x < lm  and 3m < x < 8
Eq.4-2 h(x,y) = s [l.O -  cos x 1 5  f o r l m < x < 3 m
where, s = slope = 0.01
x(i) = distance from origin for longshore distance 
dx = 0 .1m, grid spacing
4.1 THE EXPERIMENTAL TESTS
Taking into consideration the maximum depth of water that the wave basin could be 
filled up to and the height of the beach model, the value of Still Water Level 
(S.W.L.) used for all the tests was decided to be kept at a constant of 0.5m.
As far as the values of wave height and wave period were concerned, resistance 
tests had to be proceeded in order to specify values to be used in the subsequent 
tests. As the boundaries for the stability of the model (by different tests with various 
wave heights and wave periods) had been determined, the values which would be 
used for the measurements of both regular and random waves (for gravel and mixed 
beach) had been chosen. These values, which were the input wave parameters for 
the computer software package WAVEPC, are listed below in Table 4-1 and Table 
4-2.
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Table 4-1 WAVEPC input wave parameters for tests with regular waves
REGULAR WAVES
Test Number Type of Beach Wave Height 
(H)
Wave Period 
(T)
1 Gravel 24cm 2 sec
2 Gravel 24cm 3sec
3 Gravel 8.4cm 2 sec
4 Gravel 8.4cm 3sec
7 Mixed 8.4cm 2 sec
8 Mixed 8.4cm 3 sec
Table 4-2 WAVEPC wave parameters for tests with random waves
RANDOM WAVES
Test Number Type of Beach Significant Wave Height 
(H.)
Spectral Peak Period 
(TP)
5 Gravel 12cm 2 sec
6 Gravel 12cm 3 sec
9 Mixed 12cm 2sec
10 Mixed 12cm 3 sec
4.1.1 The chosen values
The author used the values in Table 4-1 and Table 4-2 for both types of beach, in 
order for them to be in a scale that could be matched to real field conditions. 
Moreover, as it can be seen in the above Tables, both types of beach had the same 
values of wave height in all tests (except for Tests 1 and 2, where the wave height
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was 24cm and applied only on gravel beach). The reason behind that is to compare 
the two beach models and understand their similarities and differences.
The maximum wave height that wave paddles could produce was 24cm for the 
given S.W.L. and it was also the maximum wave height that could be generated 
without the beach being destroyed. The generation of this wave height gave the 
opportunity to the author to observe the clear movement of the gravel material. 
However, the value of this wave height could generate high wave energy, which 
could move the sand very fast so it wasn’t suitable for observing and measuring the 
wave currents and beach profile of mixed beach. Consequently, it was only used in 
gravel beach.
The optimum value of wave height, with which both the movement of the sand and 
the slight movement of the gravel could be observed, was 8.4cm. This value of 
wave height was used for both beach models.
The value of the significant wave height that was used for both beach models was 
12cm. This value of the significant wave height was different from the value of the 
wave height for the case of regular waves. This occurred due to the fact that the 
author wanted to have the same wave energy produced for both regular and random 
waves.
4.1.2 The duration of tests
The number of waves and its duration for each test that generated can be shown in 
Table 4- 3 below. With respect to the random waves, the wave paddles generated 
sequenced batches (C) with same wave spectra (JOHSWAP type) where each batch 
contained 116 waves.
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Table 4- 3 The time duration and the number of waves generated for each test
Number of waves Time Duration
Test I-G 33,600 18h40m
Test 2-G 18,250 15h 13m
Test 3-G 14,400 8h 00m
Test 4-G 7,450 6h 13m
Test 5-G 18,328 (C=158) lOh 32m
Test 6-G 12,412 (C= 107) 10h42m
Test 7-M 12 ,000 6h 40m
Test 8-M 7,900 6h 35m
Test 9-M 17,748 (C=153) lOh 12m
Test 10-M 12,644 (C=109) lOh 54m
4.2 THE EXPERIMENTAL RESULTS
In this section, the results of the experiments can be observed. The numerical results 
can be seen in Appendix 11. It has to be mentioned that measurements with 
correlation less than 70% were not included in these numerical results. The results 
for both regular and random waves have been divided into three categories:
1. Wave parameters
2. Wave-induced current velocities
3. Cross-shore beach profiles
4.2.1 Wave parameters
Table 4*1 and Table 4-2 show the input wave parameters that were used in 
WAVEPC in order the wave paddles to generate the various wave heights and wave
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periods. During the generation of the waves, the six wave gauges/probes took 
measurements for various wave parameters.
In deep water H1/3 and Hmo are very close in value and are both considered good 
estimates of He (significant wave height). In fact, all modem wave forecast models 
report Hmo as the significant wave height. Similarly, the Hs values recorded from 
wave gauge records is also Hmo- It is worth noting, however, that in shallow water 
H 1/3 may be significantly larger than Hmo, especially for low-frequency waves. 
Therefore, in the case of the irregular waves more consideration was given to the 
values of Hmo.
The numerical presentation of the wave parameters measured at the wave probes 
can be seen in Appendix II (Al). From a quick look of the tables in Appendix II 
(Al), it can be seen that the results from the wave measurements were close to the 
input wave parameters of the WAVEPC.
For the purpose of the analysis of the results, a selection of a representative probe 
had to be chosen. The chosen probe was number 9 (P09) due to its location. It was 
close enough to the beach in order to have a representative incoming wave height 
and also far enough in order not to be affected from the reflective waves compared 
to the other probes. Table 4-4 shows a comparison/error difference between the 
input and measured values of wave height and wave period at probe 9, where the 
input values were the wave conditions specified for the wave paddle and the 
measured values were the actual conditions in the wave basin that were the ones 
used in all subsequent analysis.
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Table 4-4 Comparison between input and measured wave parameters at probe 9
TESTS
Wave Height Wave Period
Input
(cm)
Measured
(cm)
Error. Diff. 
(%)
Input
(sec)
Measured
(sec)
Error. Diff. 
(%)
Test 1-G 24 25.3 -5.4 2 2 0
Test 2-G 24 21.8 9.2 3 3 0
Test 3-G 8.4 8.6 -2.4 2 2 0
Test 4-G 8.4 9.2 -9.5 3 3 0
Test 5-G 12 10.8 10.0 2 2.3 -15.0
Test 6-G 12 11 8.3 3 3.2 -6.7
Test 7-M 8.4 8.6 -2.4 2 2 0
Test 8-M 8.4 7.7 8.3 3 3 0
Test 9-M 12 11 8.3 2 2.3 -15.0
Test 10-M 12 11.7 2.5 3 3.1 -3.3
From the values of able 4-4, the following conclusions can be drawn:
• With respect to the wave heights, the input values were always larger 
(except Test 1, 3, 4 and 7) than those measured at the probe. The highest 
percentage error difference for gravel beach can be observed at Test 4 and 5 
and for mixed beach at Tests 8 and 9. Moreover, under random wave 
conditions, the measured values for mixed beach (8.3% and 2.5%) were 
closer to the input values rather than the measured values for gravel beach 
(10.0% and 8.3%).
• With respect to the wave periods, the agreement was satisfactory. Most of 
the tests have the same input and measured values. However, at tests relating 
to the random wave conditions, for both types of beach, there were 
discrepancies between the input and measured values. The highest 
percentage error difference, with respect to the wave periods, appeared to be
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at the same Tests where the highest error difference with respect to the wave 
heights occurred (Tests 5 and 9).
The measured wave heights were used, rather than the input wave height, for the 
analysis of the results.
Based on the measured values from probe 9 and the angle at which the waves 
approached (15°), some wave parameters could be calculated. These are: deep water 
wave height (Lo)t wavelength (L), relative deep water depth (d/Lo), relative water 
depth (d/L), and wave steepness (H/L). The summary of all these wave parameters 
can be found in Table 4-5 below.
Table 4-5 Summary of calculated wave parameters
H(m) T (sec) Lo(m) d/Lo d/L L(m ) H/L
Test 1-G 0.253 2 6.245 0.080 0.123 4.056 0.062
Test 2 -0 0.218 3 14.052 0.036 0.078 6.396 0.034
Test 3-G 0.086 2 6.245 0.080 0.123 4.056 0.021
Test 4-G 0.092 3 14.052 0.036 0.078 6.396 0.014
Test 5 -0 0.108 2.3 8.259 0.061 0.105 4.770 0.023
Test 6-G 0.110 3.2 15.988 0.031 0.073 6.854 0.016
Test 7-M 0.086 2 6.245 0.080 0.123 4.056 0.021
Test 8-M 0.077 3 14.052 0.036 0.078 6.396 0.012
Test 9-M 0.110 2.3 8.259 0.061 0.105 4.770 0.023
Test 10-M 0.117 3.1 15.004 0.033 0.075 6.625 0.018
Observing the values at Table 4-5, the following conclusions can be drawn:
• Examining the relative water depth (d/L), the values which were between 
0.04 and 0.05 showed that the waves were in transitional water depth. This is 
the zone between deep water and shallow water: that is, 0.5> d/L > 0.04. In 
this zone there are characteristics of both deep and shallow water waves.
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Celerity depends on both water depth and wavelength. Moreover, the orbits 
of the particles become progressively flattened with depth.
• Examining the wave steepness (H/L), the values were smaller than —
7
meaning that no wave broke before reaching the beach.
Wave-Induced Current velocities
The observations started 10 minutes after the first wave was generated. These 10 
minutes were sufficient to eliminate long-periodic start-related variations in wave 
fields.
As it was mentioned previously an ADV had been used to take measurements for 
long-shore and cross-shore currents generated by regular and random waves. The 
measurements of the currents started 30 minutes after the first wave was generated 
for both regular and random waves. These 30 minutes were sufficient to eliminate 
bed level changes during the measurements which will influence the currents. 
However, for the mixed beach, the sand was moved slightly after the 30 minutes 
without any sufficient influence in the measurements. The currents had been 
measured at the three lines, one at the trench and the other two at uniform slope 
beach section, for all the three directions (x, y, z) Vx, Vy and Vz. The positive 
direction of Vx and Vy was the same with the positive direction of x and y at Figure 
4-1. As for Vz, the positive direction was upwards. The three lines had coordinates 
of:
At x-direction : x=2.0m (Line 1), x=4.0m (Line 2) and x=5.64m (Line 3), and
At y-direction: from y=-0.6m until y=-6m for each line.
As far as the current velocities were concerned, the measurements had reached the 
maximum of -4.7m at y-direction due to the fact that the ADV can work only at 
submerged sections. Despite that, the number of current velocity measurements that 
was taken was satisfactory. The total number of points (measurements) of current 
velocities that were taken at the three cross-shore sections is shown below (Table 4- 
6 and Table 4-7).
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Table 4-6 Points taken for current velocities (Regular waves)
Gravel Beach
TESTS LINE 1 LINE 2 LINE 3
Test I 330 182 176
Test 2 246 183 201
Test 3 114 82 87
Test 4 114 83 87
Total Points for all the 
an
lines which were equivalent for each Vx, Vy 
id Vz separately: 1885
Mixed Beach
TESTS LINE 1 LINE 2 LINE 3
Test 7 103 93 92
Test 8 105 94 92
Total Points for all the 
ai
ines which were equivalent for each Vx, Vy 
od Vz separately: 579
Table 4-7 Points taken for current velocities (Random waves)
Gravel Beach
TESTS LINE 1 LINE 2 LINE 3
TestS 64 50 48
Test 6 62 39 46
Total Points for all the lines which were equivalent for each Vx, Vy
and Vz separately: 309
Mixed Beach
TESTS LINE 1 LINE 2 LINE 3
Test 9 59 54 53
Test 10 64 59 60
Total Points for all the lines which were equivalent for each Vx, Vy
and Vz separately: 349
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The current velocity measurements were carried out at various levels in the z 
direction. At each level, the current velocity measurements were taken over duration 
of 60 seconds. The observations for regular waves started at the surface (point 1) 
and deepened with a constant 5cm integral until the maximum point at each 
measurement was reached. The maximum point was the point at which the ADV 
could take logical measurements, usually that was between five and ten cm from the 
bed level. The deepest point of measurement was 35cm below water surface.
The same procedure was followed for random waves but with a 10cm integral. The 
deepest point of measurement for random waves was 30cm below the water surface. 
This procedure allowed an estimate of the vertical structure of the time-averaged 
velocity and a more accurate determination of the depth-averaged current velocities 
than measurements taken at a single elevation. The depth-averaged current velocity 
V was determined as:
{ysurface +2Vmid -dept h+Vbottom )
Moreover, the current velocity measurements were also carried out in various 
locations in the y direction. As mentioned previously, the locations of measurements 
varied from y=-0.6m to maximum y=-4.7m. At Line 1 for wave height of 24 cm 
with wave period of 2sec, the measurements started at y=-0.6m, sustained with an 
integral of 5cm until y=-1.8m and then continued with an integral of 10cm until 
y=-4.7m. For the other two lines on the same test, the integral was 10cm which was 
also adopted for all the three lines with wave conditions of H=24cm and T=3sec. 
However, the integral was finally increased to 20cm for all the other tests of regular 
and random waves.
The graphical presentation of the results of the wave-induced current velocity 
measurements, for all the tests, can be seen in Figure 4-2 to Figure 4-31 below. 
Each point of Vx, Vy and V2 at the graphs represents the time- and depth-averaged 
current velocity of the location.
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- 1 .9  - 2 .4  - 2 .9
Chainage (m)______
Figure 4-2 L o n g -sh o re  c u rren t v e lo c ity  (T est 1)
- 1 .9  - 2 .4  - 2 .9
Chainage (m)
F igure 4-3  L o n g -c ro ss  cu rren t velocity  (T est 2)
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As it was expected, as observed in Figure 4-2 to Figure 4-31, Line 1 did not have 
the same behaviour as the other two. This occurred, due to the fact that Line 1 
represented the trench of the beach model. The behaviour of currents in all three 
directions (Vx, Vy and Vz) is discussed below.
4.2.2.1 Long-shore current velocity (VJ
The long-shore current velocity of each line followed a similar pattern when 
comparisons were made between the same wave conditions for both types of beach 
(Figure 4-2 to Figure 4-9). However, there is a forward shift of this pattern from 
gravel to mixed Beach. This shift varied from 0.4 to 0.8m, with its maximum value 
being at Line 1. This shift could be the reason for the different sediment or beach 
slope (and also the different point of wave breaking). Moreover, it can be seen that 
the long-shore current velocity at the trench was generally the smallest (of the three 
lines) at the beginning of the beach due to the beach slope at that location.
Furthermore, by comparing Line 2 and 3, we found that they followed the same 
pattern except Test 2. This is due to the fact that after the high wave energy attack in 
Test 1 the morphology of the beach has changed and there was not any more 
uniform slope between Lines 2 and 3. Despite that, their long-shore current 
velocities started by being very small (close to zero) for most of the beach, or even 
for the whole beach (at random wave conditions), then after a point (which is 
probably the breaking point) started to increase, at the negative direction, until they 
reach their maximum values and then started to decrease as the end of the 
submerged beach was reached. However, Line 3 had higher values than Line 2 
during all the Tests for both types of beach. It is worth noting that the negative 
direction indicates the direction of the incoming waves. Therefore, the long-shore 
current velocities, at the beginning of the beach, had an opposite direction from the 
incoming waves indicating the existence of a reverse long-shore flow.
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Nevertheless, at trench (Line 1) the long-shore current velocities were not very 
small (except at some points at random wave conditions). They started to increase 
earlier compare with the Vx of the other two lines.
As far as the first two tests are concerned, the values of long-shore current velocity 
were the highest of all the tests. At Test 1, all lines followed the same pattern which 
was a gradual decrease of the values of Vx. Moreover, at Test 2, Line 1 and 2 
followed the same pattern as at Test 1. Line 3 shows to have a fluctuation of values 
of Vx with mainly negative direction.
Comparison between regular and random wave conditions shows that the long-shore 
current velocity profile was smoother in random waves than in regular. This can be 
explained due to the fact that at random wave conditions the incoming waves have 
different heights which result to break at different water depths. Therefore, the long­
shore driving force and the dissipation energy will be more distributed than at 
regular wave conditions where the distribution of the driving force is discontinuous 
at the breaking point.
4.2.2.2 Crossshore current velocity (Vy)
In all tests and lines at each individual measured point, the cross-shore current 
velocity increased when the long-shore decreased and it decreased when the long­
shore increased (Figure 4-12 to Figure 4-21). In contrast with long-shore current 
velocity, cross-shore current velocity was different for both gravel and mixed beach 
for Line 1 (trench). However, Line 2 and 3 followed the same pattern (with a small 
shift between them) for all the tests (except Test 2, for the same reason as in long­
shore current velocity), with Line 2 having often (except at Test 5 and 6) higher 
values than Line 3. During regular wave conditions, Line 2 and 3 increased their 
values rapidly where this behaviour starting at Tests 3 and 4 from y=-2.4m. Line 1 
had, in general, the highest values of cross-shore current velocity of all the lines
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(except at Test 1, 4 and 8). Frequently all lines had positive values of Vy. This 
pointed to an existence of a cross-shore flow with an offshore direction (reverse 
cross-shore flow).
As mentioned previously, the behaviour of cross-shore current velocity is different 
for both gravel and mixed beaches for Line 1. However, it can be told that at 
random waves for both gravel and mixed beach (for Tests 5 and 9) the Vy followed 
the same pattern in Line 1. This was not the case for the other tests. Comparing the 
tests from gravel and mixed beach, it can be seen that whenever the Vy remains 
constant or decreased (Tests 3 and 4), the Vy for mixed beach (Tests 7 and 8) started 
to increased. Moreover, whenever Vy (Test 6) started to increase, the Vy for mixed 
beach became constant or even decreased (Test 10). Furthermore, it is worth noting, 
that for regular wave conditions (Tests 3 and 4) the Vy changed behaviour at y=- 
1.6m whereas the Vy in Tests 7 and 8 changed at y=-2.2.
As far as Tests 1 and 2 are concerned, the three lines had similar pattern and only a 
small shift occurred between them. At Test 1, Line 1 had the lowest values whereas 
at Test 2 had the highest.
4.2.2J Current velocity at z direction (VJ
The current velocity at z direction was approximately the same for both gravel and 
mixed beach for random wave conditions for all lines (Figure 4-22 to Figure 4-31). 
For all other tests comparing gravel and mixed beach, V2 was different and 
especially at Line 1. All lines had almost the same pattern, some with slightly 
different shifts and some with slightly different peaks, especially at Line 1, from y=- 
2.4m to y=-3.4m.
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The V2 for both gravel and mixed beach, tended to have negative direction except at 
regular wave conditions (Tests 3 and 7) whereas the Vz had a fluctuation of 
directions.
4.2.3 Cross-shore beach profiles
As mentioned before, the bed level had been measured at the selected cross-shore 
sections. The observations of the beach development were carried out in y direction 
from y=-0.6m to y=-6.0m with an integral of 10cm.
Moreover, in the previous chapter, it was pointed out that the (gravel & mixed) 
beaches were initially constructed at a 1:10 slope but they were not reshaped during 
the experiment procedure (except for when the sediment changed), so that the initial 
condition for each test was the final profile from the previous test. As result, the 
measurements were taken place in 3 stages:
1. Before the generation of the waves (Original Profile).
2. At the end of the generation of waves for the initial test (the test with input 
wave period of 2sec) and.
3. At the end of the generation of waves for the second test (the test with input 
wave period of 3sec).
The beach was reconstructed every time at its original shape after the completion of 
measurements at stage 3. Consequently, the beach was reconstructed five times in 
its original shape for both regular and random wave conditions. The graphical 
presentation of the cross-shore profiles for all the tests and for all the three lines can 
be seen in Figure 4-32 to Figure 4-46.
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Figure 4-38 Cross-shore profile changes during Test 5 and Test 6 (Line 1)
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Figure 4-39 Cross-shore profile changes during Test 5 and Test 6 (Line 2)
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Figure 4-40 Cross-shore profile changes during Test 5 and Test 6 (Line 3)
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Figure 4-41 Cross-shore profile changes during Test 7 and Test8 (Line 1)
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B y o b serv in g  F igu re  4 -32  to  F ig u re  4 -4 6 , th e  re sp o n se  o f  the in itia l p ro file  to  the 
w av e  ac tion , fo r bo th  b each es , led  to  th e  b u ilt-u p  o f  m ateria l above the SW L 
(fo rm in g  a crest, r id g e  o r berm ) and  a sso c ia te d  e ro sio n  be low  the SW L  (near at the 
b reak in g  step). T h is  b eh av io u r is a n o rm al re sp o n se  o f  g ravel beaches.
A s it w as expected , the w ave co n d itio n s  w ith  H = 2 4 cm  (inpu t value) had the h ighest 
c ro ss-sh o re  sed im en t transport from  all th e  tests . T h is  is due to the h ighest w ave 
en e rg y  th a t w as p roduced . M o reo v er, at th ese  tests  (T est 1 and 2) L ines 2 and 3 had 
h ig h est sed im en t tran sp o rt co m p ared  to  L in e  1 (trench ). F urtherm ore , it is show n 
that the beach  at L ines 2 and  3 h ad  e ro s io n  b e lo w  and  above S .W .L . desp ite  the fact 
that at the  en d  o f  the m easu red  b each  a c re s t s ta rted  to form . T he h ighest erosion  o f  
th ese  tw o  lines w as at T est 2. In co n tra s t w ith  L ines 2 and 3, L ine 1 had an accre tion  
b e lo w  S .W .L . at T est 1. H o w ev er, at T es t 2 , L ine  1 fo llow ed the pattern  o f  the o ther 
tw o  lines by hav in g  e ro sio n  b e lo w  S .W .L ., n ev e rth e less  m aterial bu ild-up  above the 
S .W .L . fo rm ed  the h ig h est c res t o f  all lines. F inally , L ine 2 reached  the beach
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equihbrium faster than the other two lines. This can be seen, by the lower cross­
shore sediment transport between Test 1 and 2.
As far as Test 3 and 4 are concerned, there was no significant cross-shore sediment 
transport. The only noticeable movement was the small accretion, of Line 2, above 
S.W.L. which formed a small crest. This is due to die fact that the wave energy 
produced was not enough to create a movement of the gravel sediment.
At random wave conditions (Tests 5 and 6) Line 2 had small cross-shore sediment 
transport (as it had at Tests 3 and 4) and led to the built-up of material above the 
SWL, forming a crest which was larger than at Tests 3 and 4. The other two lines, at 
Test 5, had the same behaviour as Line 2. However, at Test 6, a high cross-shore 
sediment transport and a formation of a crest above S.W.L. was noticed for both 
lines. It is worth noting that whereas Line 3 had its maximum erosion below S.W.L. 
Line 1 had its maximum accretion below S.W.L. This difference indicates that there 
is movement of sediment from Line 3 to Line 1. However, the fact that Line 2 
hasn't been influenced by this movement is quite interesting.
Considering the tests that were based on the mixed beach (Tests 7-10), there was a 
settlement of the sediment. The original profile of the mixed beach was built based 
on Figure 1. However, after pumping water into the wave basin in order to reach the 
preferred S.W.L. of 0.5m, there was a settlement of the sediment especially at the 
rear back as it was mentioned in the previous chapter.
At these tests, all three lines followed similar pattern of bed level change having the 
highest and form of crest (above S.W.L.) at random wave conditions, especially at 
Test 10. The only difference between the lines, was a small shift of the form of the 
crest which was related to the location of each line individually.
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A s m en tio n ed  p rev io u s ly  in the  lite ra tu re  rev iew , accord ing  to Pow ell (1990) and 
V an  d e r M eer (1988), the  m ain  fac to rs  in flu en c in g  gravel beach profiles are w ave 
he ig h t, w av e  period , w av e  d u ra tio n , b each  m ateria l and angle o f  w ave attack. 
M oreover, M ason  and  C o a tes  (2 0 0 1 ) s ta ted  the  factors that m ay influence the 
sed im en t tran sp o rt o f  m ixed  b each  a re  the  h y d rau lic  conductiv ity , g roundw ater and 
in filtra tio n , w av e  re flec tio n , th re sh o ld  o f  m o tio n . In accordance w ith  the 
m easu rem en ts  taken  th ro u g h  the  e x p e rim en t, o n ly  the three factors in fluencing  
g rav el beach  can  be stud ied .
W ith  the ex cep tio n  o f  w av e  a ttack  an d  w a v e  d u ra tio n , the  o th er th ree factors w ill be 
stu d ied  on  g ravel and  on  m ix ed  b each . M o re o v e r  a co m p ariso n  w ill be m ade 
b e tw een  them . H ow ever, in o rd e r fo r th e  th ree  fac to rs  to  be stud ied , it had to be 
en su red  that the beach  s lopes w e re  th e  sam e  fo r  a ll the  tests  that w ou ld  be com pared  
(F ig u re  4 -47  to  F igure  4-58).
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F igure  4 -47  O rig in a l c ro ss-sh o re  p ro file s  o f  L ine 1 (gravel beach)
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Figure 4 -48  O rig ina l c ro ss-sh o re  p ro f ile s  o f  L ine 2 (gravel beach)
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F igure 4 -49  O rig in a l c ro ss-sh o re  p ro files  o f  L ine 3 (gravel beach)
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A t tests  w ith  g ravel beach , L ine  1 had  a lm o s t th e  sam e slope fo r all the tests and 
L ines 2 and  3 had  s im ilar s lo p e  fo r all th e  tes ts . T h e re  w as only  som e d ifference in 
tests  1 and  2 fo r bo th  lines (h ig h e r in L in e  3). A s fa r as the tests w ith  m ixed beach 
are  co n cern ed , all lines had  a lm o st th e  sam e  s lo p e  fo r all the tests. F inally , by 
co m p ariso n  the slopes o f  g ravel and  m ix ed  b ea ch , L in e  3 had  alm ost the sam e slope. 
N ev erth e less , L ines 1 and  2 h ad  som e d iffe re n c e  in  bo th  w ave cond itions (regu lar 
and  random ). T h is d iffe ren ce  w as d u e  to  th e  se ttlem en t o f  the m ixed  sedim ent.
F ina lly , it has to  be taken  in to  ac co u n t th a t th e  slo p e  at T ests 1, 3, 5, 7 and 9 w as 
d iffe ren t from  T ests  2 ,4, 6, 8 an d  10 d u e  to  th e  fact that it was partly  determ ined  by 
the  p rev io u s  cond itions. T h is  w ill a ffec t the  e s tim a tio n  o f  the in fluence o f  the w ave 
period . T h e  size  o f  the  e rro r w ill d ep e n d  o n  the  w ave cond itions o f  the test. 
N ev erth e less , the study  o f  the  th ree  fac to rs  can  be p resen ted .
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4.2.3.1 Influence o f  wave height
P ow ell (1 9 9 0 ) sta ted  that an  in c rease  o f  the  w av e  h e ig h t results to an increase  o f  the 
s u r f  zo n e  w idth and  hence in c re as in g  lev e ls  o f  w av e  energy. T his is c learly  seen for 
th e  g ravel b each  (F ig u re  4 -5 9  to  F ig u re  4 -6 1 ) as w ell as the m ovem en t o f  the 
b reak in g  step  fu rth e r d o w n  to b each . T h e  m o v em en t o f  the b reak ing  step  is v isib le 
an d  the increase  o f  the s u r f  zo n e  w id th  w ith  in c reas in g  w ave heigh t is no ticeable.
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 After Test 1  After Test 3
0.2
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2 - 0 . 3
-0 .4
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F igure  4 -5 9  T he in flu en ce  o f  w a v e  h e ig h t on  the p ro file  changes o f  L ine 1
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4.23.2 Influence o f wave period
According to Powell (1990), an increase of the wave period for a given wave height 
(i.e. decreasing wave steepness H/L) results in the increase of the beach crest 
elevation and, as a consequence, the volume of material above the still water line. 
This is matched by a respective increase in the erosion of the beach profile below 
the step position, and therefore a seaward displacement of the lower limit of profile 
deformation. This is the case for the gravel beach (Figure 4-32 to Figure 4-40) and 
for mixed beach (Figure 4-41 to Figure 4-46). The only exception from the 
visibility point of view is the regular wave conditions with H=8.4cm for gravel 
beach where there is no significant visible movement.
4 3 3 3  Influence o f beach material
The influence of the beach material size (Dso) is important to the beach profile 
change. Powell (1990) suggested that this importance is partly dependent upon the 
characteristic steepness of the incident wave field. Therefore, the greatest deviations 
between two ‘corresponding’ profiles are seen to occur under the steeper wave 
conditions. In agreement with Powel (1990), Van der Meer (1988) found that the 
nominal diameter had an influence on the profile. Nevertheless, for small diameters 
in the range of materials that Van der Meer (1988) tested, the material size did not 
influence some parts of the profile, such as the crest height.
During the experiment (in Hannover), the nominal diameter of the gravel beach 
sediment was not similar with the nominal diameter of the mixed beach sediment; 
therefore it is not possible to compare them. However, the main difference 
regarding beach material is the presence or not of sand and the result of this is the 
reduction or not of permeability and porosity.
As mentioned in Chapter III, only one sample for each type of beach was taken. 
These samples were taken at the crest. It must be noted that the sampling of the
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b each es  w as a seco n d ary  o b je c tiv e  o f  th e  tes t and , due to tim e restric tions, w as o f  
lim ited  scope. D esp ite  th e  fac t tha t th e re  w ere  no  further records taken  for the 
sed im en t co m p o sitio n s d u rin g  th e  ex p e rim en t, th ere  w ere v isual observations done 
fo r bo th  g ravel and  m ix ed  b each  sed im en t. It w as no ted  that as the experim ental 
te s ts  w ith  g ravel beach  p ro g ressed , th e  s tep  an d  the  c rest tend to be com posed  w ith 
the  co a rsest m ateria l w h e th e r the  S W L  an d  th e  a rea  seaw ards the step  w ith  the finest 
m ateria l. D u rin g  the  ex p e rim en ta l te s ts  w ith  m ix ed  beach , the observations w ere 
fo cu sed  on  w 'hether the  co m p o s itio n  o f  g ra v e l/sa n d  changed . T he general trend 
sh o w n  that at the su rface  o f  th e  c re s t, s te p  an d  S W L  the sed im en t w as com posed  
o n ly  w ith  g ravel. T h ere  w as no  san d  th a t can  be  o b serv ed ; on the contrary , at the 
su rface  o f  the  area seaw ard s th e  s tep  th e  p e rcen tag e  o f  sand  w as sim ilar to the 
p e rcen tag e  o f  g ravel. M o reo v er, at th e  a rea  a f te r  the  crest the percen tag e  o f  sand 
w as ev en  h ig h er to  the p e rcen tag e  o f  g rav e l. T h e  co m p ariso n  o f  the tw o  types o f  
beach  is show n  in F igure 4 -62  to  F ig u re  4 -7 3 .
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F rom  o b serv a tio n  o f  F igure  4 -6 2  to  F ig u re  4 -7 3 , m ix ed  beach  deve loped  quite 
d iffe ren tly  than  g ravel beach . H o w ev er, b o th  ty p es  o f  b each  have  alm ost the sam e 
p ro file  change  at reg u la r w av e  co n d itio n s . T h e  o n ly  d iffe rence  w as that the 
e lev a tio n  o f  the crest fo r m ixed  b each  w a s  o ften , and  esp ecia lly  fo r longer w ave 
p erio d s, sligh tly  g rea te r than  fo r g rav e l b each .
T he m ain  m o rp h o lo g ica l d iffe ren ces  can  b e  seen  at ran d o m  w ave conditions. T hese 
w ere:
•  T he  crest in m ixed  b each  w as  o f  m u ch  h ig h e r e leva tion  com pared  to gravel 
beach . T h is b eh a v io u r is e x p la in e d  by  the  fact that m ixed  beaches d issipate  
less energy  th ro u g h  in filtra tio n  (le ss  p e rm eab le ) than  a gravel beach and as a 
resu lt the run -up  w ill b e  h ig h e r an d  co n seq u en tly  the crest elevation.
•  T h e  step  fo rm ation  w as q u ite  e a s ie r  to  locate  for the m ixed  ra ther than the 
g fav el beach.
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• The erosion below the S.W.L. was larger in mixed beach compared to gravel 
beach. This is the result of the settlement of the sand and also its movement 
offshore.
• Irregularities in the profile (especially at Line 1) were larger in the mixed 
beach.
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C H A P T E R  5  
A N A L Y S IS  O F  T H E  E X P E R IM E N T A L  R E SU L T S  
5.0  IN T R O D U C T IO N
In this Chapter, the results of the experiment will be analysed and compared 
with existing methods. A modification of the existing methods will also be 
attempted. The main categories that will be analysed are listed below:
1. Wave breaking
2. Wave-induced currents
3. Profile response
4. Step and Berm elevation
5. Sediment balance
5.1 W A V E  B R E A K IN G
Wave breaking is the dominant process in the dynamics of nearshore water 
movements resulting in sediment transport. Wave breaking can be defined as the 
transformation of particle motion from irrotational to rotational generating 
vorticity and turbulence. The location in space where some part of the front face 
of the wave first becomes vertical or overturns, or both, is herein defined as the 
wave breaking point. Moreover, the breaking point can be referred, for waves 
shoaling up a beach, as the location where the maximum wave height is 
achieved.
Wave breaking depends on the nature of the bottom slope and the characteristics 
of the wave. Waves break as they reach a limiting steepness which is a function 
of the relative depth (d/L) and the beach slope (tanP). Wave breaking may be 
classified in four types (Galvin 1968): as spilling, plunging, collapsing, and
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surging. Breaker type may be identified according to the surf similarity 
parameter (Iribarren number) £o, defined as
where the subscript 0 denotes the deepwater condition (Galvin 1968, Battjes
As it is shown further, the breaker type of the waves generated at the 
experiments in Hannover was plunging. Plunging breakers occurs on steeper 
beaches and are classically characterized by a large-scale, visible, curling over of 
the wave with an inner air core and falling jet impacting on the preceding trough. 
A sudden, violent transition from irrotational to rotational motion results over 
the entire water column. An identifiable time and distance are required for the 
wave to curl over before reaching the initial jet impact point or plunge point 
(Basco, 1985).
Furthermore, the depth (dB) and the height (HB) of breaking waves are 
important factors. The term “breaker index” is used to describe non-dimensional 
breaker height. The four common indices are in the form of Hb/db, Hb/Ho, Hb/Lb 
and Ht>/Lo (where the subscript b denotes the breaking condition). The first two 
indices are the breaker depth index (y) and the breaker height index (ftb), 
respectively.
Rattanapitikon and Shibayama (2000) examined the applicability of 24 existing 
formulas, for computing breaking wave height of regular wave, by wide range 
and large amount of published laboratory data (574 cases collected from 24 
sources). They found that the formula of Komar and Gaughan (1973) gives the
Eq.5-1
1974).
On a uniformly sloping beach, breaker type is estimated by 
Surging/collapsing Jjo>3.3 
Plunging 0.5<£o<3.3 and,
Spilling £o<0.5
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best prediction, among 24 existing formulas, over a wide range of experiments. 
Komar and Gaughan (1973) used linear wave theory to derive the breaker height 
formula from energy flux conservation and assumed a constant Hb/db- After 
calibrating the formula to the laboratory data of Iversen (1952), Galvin (1969), 
unpublished data of Komar and Simons (1968), and the field data of Munk 
(1949), the formula proposed was
—1 _i
Eq.5-2 Hb = 0.56Ho ( ^ )  5 or Hb =  0.56 ( ^ )  5
where Ho7 is the equivalent unrefracted deepwater wave height
Rattanapitikon and Shibayama (2000) showed that the ER (root mean square 
relative error) of most formulae varies with the bottom slope, and it was 
expected that incorporating the new form of bottom slope effect into the 
formulas could improve the accuracy of the formulae. They therefore modified 
the three most accurate prediction formulae, concluding that the modified 
formula of Goda (1970) gives the best prediction for the general case 
(ER=10.7%).
The formula of Goda (1970) was modified to be
Eq.5-3 Hb = 0.17Lo [ l  -  exp [^ (1 6 .2 1 (tan P )2 -  7.07tanP -  1.55)]}
The breaking depth, and consequently the breaking point, is also determined by 
using the Eq.5-3 together with the linear wave theory. It is necessary that the 
breaking point is predicted accurately, in order for an accurate computation of 
the wave field or other wave-induced phenomena (e.g., undertow, sediment 
transport and beach deformation) to be concluded.
It is well known that the wave height, just before the breaking point, is 
underestimated by linear wave theory. Consequently, the predicted breaking 
point will shift on shoreward of the real one when the breaker height formula is 
used together with the linear wave shoaling (Isobe, 1987). As a result, the 
computation of wave height transformation will not be predicted accurately.
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Two methods are known for dealing with the problem of underestimating the 
linear wave theory. The first method computes wave shoaling by using nonlinear 
wave theories (e.g. Stoke, 1847; Dean, 1965; Shuto, 1974; and Isobe, 1985) and 
the second method by using linear wave theory. The second method also uses 
other variables, rather than breaker height, to compute the breaking point (e.g. 
Watanabe et al., 1984; Isobe, 1987; Rattanapitikon, 1995 and Rattanapitikon and 
Shibayama, 2006).
Rattanapitikon and Shibayama (2006), by following the second method, 
undertook a study to find out the suitable breaking wave formulas for computing 
breaker depth, and corresponding assumed orbital to phase velocity ratio and 
breaker height converted with linear wave theory. A total of 695 cases collected 
from 26 sources of published laboratory data were used. All data referred to 
experiments that were performed on regular waves. The formulae of 
Rattanapitikon and Shibayama (2006) gave satisfactory predictions over a wide 
range of experimental conditions. Their formulae for breaking depth and 
breaking wave height were:
Eq.5-4a h„ = (3.86m2 -  1.98m + 0.88)H„ ( ^ )  for ^  < 0.1
Eq.5-4b hb = (3.86m2 -  1.98m +  0.88)H„ ( j f )  for ^  > o.l 
and
(u  \  0 .83i f )
where m is the bed slope.
Random waves consist of incoming waves which have different wave height and 
they break in different water depths. Therefore, the wave breaking takes place in 
a relatively wide zone (surf zone) of variable water depth. Goda*s breaking 
method (Goda, 1985) is the most widely applied method for estimating 
significant wave heights (H1/3) within the surf zone. Goda (1970) proposed a 
diagram, presenting criterion for predicting breaking wave height, based on the 
analysis of several sets of laboratory data of breaking waves on slopes obtained
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by several researchers (Iversen, 1952; Mitsuyasu, 1962; and Goda, 1964). Goda 
gave an approximate expression of the diagram as
where A= a coefficient (=0.12)
The breaking point is defined as the maximum wave height admissible for a 
given water depth (Torrini and Allsop, 1999).
5.1.1 Calculation of the long-shore velocity at the breaking point (Vb)
The breaking of obliquely waves generates currents which usually dominate in 
and near the surf zone on open coasts. These wave driven currents have long­
shore and cross-shore components. In this section, the long-shore velocity (vb) at 
the breaking point has been calculated in order to be compared with the results 
of the experimental tests for both gravel and mixed beaches.
For the theoretical approximation of the vb the wave refraction and shoaling 
were included. Moreover, the seabed contours were assumed to be straight and 
parallel for both trench and beach with uniform slope. Despite the fact that 
trench usually does not have straight and parallel contour, this assumption was 
adopted through the whole thesis. Moreover, approaches and equations that 
derived for planar beach, in their original form, were applied also at the trench. 
However, these approaches and equations, used for trench, were modified in 
order the effect of the complex sea bed contour to be reduced as more as 
possible.
5.1.1.1 Regular Waves
The following procedure relates to the estimation of breaking wave height and 
depth and is applied to regular waves. The deep water wavelength and celerity 
are calculated by:
Eq.5-6 Hb = ALq ( l  -  exp [-1 .5  + 15(tanP)3^]J
Eq.5-8
Eq.5-7
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the water wavelength by,
Eq.5-9 L = £ u „ h ( 2 = ! )
The shoaling coefficient Ks and refraction coefficient K r can be estimated from,
Eq.5-10
and
Ks =  f .  Ci l  ,)
V Utah 2kd ]/
Eq-5-11 KK = O f
where Oo is the deepwater wave angle, where the wave number k is equal to 
2n/L.
Assuming that a refraction analysis gives a refraction coefficient K r at the point
where breaking is expected to occur, and that the equivalent unrefracted
deepwater wave height can be found from the refraction coefficient
Eq.5-12 H0' = KrH0, consequently H = H0 KS
Then by estimating the breaking wave height, the breaking depth can be
calculated by corresponding equation.
The initial value selected for the refraction coefficient would be checked to 
determine if it is correct for the actual breaker location. If necessary, a corrected 
refraction coefficient should be used to recompute the breaking wave height and 
depth.
Longuet-Higgins (1970) formed an expression for the mean longshore velocity 
(vj) at the breaker zone, of a planar beach, which was modified by Komar 
(1976) and took the form of:
Eq.5-13 vj = 2.7ubsin0b cos0b
where 0b= the wave angle at the breaking point
Ub= the wave orbital velocity under the wave breaking point, which is 
calculated by 
Eq.5-14 ub = | V P b
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where y= breaking depth index (Hb/db)
Longuet-Higgins (1972) stated that the longshore velocity at the breaking point 
(vb) is usually about 0.2vj. Therefore, knowing the breaking depth and height, 
the longshore velocity at the breaking point can be estimated by 
Eq.5-15 vB = 0.54 j^gd^sinOb cosOb
Moreover for a plane beach where d = xtanp (tanp is die beach slope), the 
distance to the breaker line from shore is
Eq.5-16 xB= ^ j
Using the above equations, vb was calculated for all the tests with regular waves. 
The slope between Lines 2 and 3 was approximately the same. Test 2 wasn’t 
taken into consideration for the calculations due to the fact that the slope 
changed significantly after test 1. However, Eq.5-14 was not based on a wave 
breaking equation that includes the influence of the slope. Therefore, the three 
lines will be considered as one. The wave conditions for both gravel and mixed 
beaches were not exactly the same (except the Tests with wave height 
H=0.086m). Consequently, the longshore velocity at the breaking point would be 
similar for both types of beach, only in Tests 3 and 7. The results of the 
calculations are shown in Table 5-1 below.
Table 5-1 The results of the calculations of vb for the tests with regular waves
H T 0 dB vb
(m) (sec) (°) (m) (cm/s)
0.253 (G) 2.016 15
0.326 5.20
0.086 (G) 2.016 15
0.132 2.19
0.092 (G) 3.009 15
0.161 1.81
0.086 (M) 2.015 15
0.131 2.18
0.077 (M) 3.005 15
0.139 1.57
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It has to be mentioned that the equation of Longuet-Higgins (1972) did not take 
into consideration the spatial and temporal variability. The beach profile of each 
line has been changed through time. There was a longshore sediment transport 
that made that change. Therefore, the break point of each line changed and 
consequently vb changed. However, for the purpose of the comparison and the 
analysis of the equation of Longuet-Higgins (1972), it was assumed that there 
were not any spatial and temporal variability.
Results from the calculation of the longshore velocity at the breaking point 
(Table 5- 1) show that all the breaking waves were plunging (Table 5-4). 
Moreover, as it was expected, the waves with less wave height (H=0.086m) 
broke further onshore and with less Vb than the waves with same wave period but 
greater wave height (H=0.253m).
In order to compare the estimated values of vb with the measured vb from 
experimental results (for both types of beach), the data have been tabulated and 
presented in the following Tables (Table 5-2 and Table 5-3). It has to be 
mentioned that when the column of measured Vb had negative values, it meant 
that the longshore current velocity was in opposite direction with the incoming 
wave direction and where the column has no number, it meant that there were no 
measurements (or measurements with less than 70% correlation) at that point.
Table 5-2 The measured and estimated vB at the tests with gravel beach
H
(m)
T
(sec)
dB
(m)
vB (cm/s) 
estimated
vB(cm/s)
measured
0.253 (LI) 2.016 0.326 5.20 2.36
0.253 (L2) 2.016 0.326 5.20 -4.85
0.253 (L3) 2.016 0.326 5.20 -6.52
0.086 (LI) 2.016 0.132 2.19 2.51
0.086 (L2) 2.016 0.132 2.19 7.45
0.086 (L3) 2.016 0.132 2.19 12.65
0.092 (LI) 3.009 0.161 1.81 -2.41
0.092 (L2) 3.009 0.161 1.81 0.26
0.092 (L3) 3.009 0.161 1.81 -
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Table 5-3 The measured and estimated vb at the tests for the mixed beach
H
(m)
T
(sec)
ds
(m)
vB(cm/s)
estimated
vb (cm/s) 
measured
0.086 (LI) 2.015 0.131 2.18 -
0.086 (L2) 2.015 0.131 2.18 9.19
0.086 (L3) 2.015 0.131 2.18 -
0.077 (LI) 3.005 0.139 1.57 -
0.077 (L2) 3.005 0.139 1.57 -
0.077 (L3) 3.005 0.139 1.57 10.13
The breaking longshore velocity has been chosen based on the value of the 
estimated breaking depth. It must be mentioned that the accuracy of the 
measurements of the ADV is ±0.5%.
Looking at Table 5-2 and Table 5-3, overall, the estimated vb from Longuet- 
Higgins (1972) equation did not predict accurate results. Generally, it 
underestimated the measured vb. At some tests/lines the estimated vb was 9 
times greater than the measured vb and at some others it was 7 times smaller. 
The estimated vb was similar to the measured vb, only in Tests 1, 3 and 4 
(especially for Line 1). At these tests, the magnitude of the vB was similar but 
not its direction. At the tests related to the mixed beach, there were only few 
available locations to compare with. Based on the theory that the longshore 
velocity at the breaking point would be the same for both types of beach, if both 
types of beach have the same wave conditions, the measured longshore velocity 
at the breaking point for Line 3 gave similar values for both types of beach for 
Tests 3 and 7. However, based on the assumption that the estimated breaking 
depth was accurate, it can be seen that the measured longshore “breaking” 
velocity had different values for all three lines.
This might have happened due to the fact that the estimated vB of Longuet- 
Higgins (1972) was based on a wave breaking equation that did not take into 
consideration the influence of the bottom slope (H<i=0.78db). Therefore, in order
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to include the influence of the bottom slope, the estimated breaking depth of 
Eq.5-3 were used into Eq.5-11. The longshore “breaking” velocities of Lines 2 
and 3 were calculated as one due to the fact that the bottom slopes of both lines 
were approximately the same.
At the trench (Line 1), the calculation of the breaking depth, and consequently of 
Vb, based on different bottom slope from the other two Lines (Line 2 and Line 
3). Furthermore, Line 1 had two bottom slopes where x=-1.6m was the point 
where the two slopes changed. The first slope was nearly horizontal. Based on 
the wave conditions in the tests, the first slope wouldn't affect the breaking 
depth and breaking height. Therefore, the second bottom slope has been used for 
the calculation of de. As previously, Test 2 wasn't considered in the calculations 
due to the fact that the bottom slope changed significantly after Test 1. The 
results of the calculations for Lines 2 and 3 are shown in Table 5-4 below.
Table 5-4 The results of the calculations of vb for the tests with regular waves
(Line 2 and Line 3)
H
(m)
T
(sec)
0
(°)
I ds
(m)
vb
(cm/s)
0.253
(G)
2.016 15 0.55
(plunging breaker)
0.266 5.45
0.086
(G)
2.016 15 0.77
(plunging breaker)
0.104 2.31
0.092
(G)
3.009 15 1.11
(plunging breaker)
0.125 1.93
0.086
(M)
2.015 15 0.85
(plunging breaker)
0.102 2.32
0.077
(M)
3.005 15 1.22
(plunging breaker)
0.108 1.67
In order to compare the estimated values of vb with the measured vb from 
experimental results (for both types of beach), the data have been tabulated and 
presented at the following Tables.
140
Chapter V Analysis of the Experimental Resuits
Table 5-5 The measured vb at the tests with gravel beach (Line 2 and Line 3)
H
(m)
T
(sec)
da
(m)
vB(cm/s)
estimated
VB(cm/s)
measured
0.253 (L2) 2.016 0.266 5.45 -
0.253 (L3) 2.016 0.266 5.45 -3.54
0.086 (L2) 2.016 0.104 2.31 -
0.086 (L3) 2.016 0.104 2.31 -
0.092 (L2) 3.009 0.125 1.93 6.31
0.092 (L3) 3.009 0.125 1.93 -
Table 5-6 The measured vB at the tests with mixed beach (Line 2 and Line 3)
H
(m)
T
(sec)
dB
(m)
vB (cm/s) 
estimated
vB (cm/s) 
measured
0.086 (L2) 2.015 0.102 2.32 -
0.086 (L3) 2.015 0.102 2.32 -
0.077 (L2) 3.005 0.108 1.67 -
0.077 (L3) 3.005 0.108 1.67 -
The results of the calculations for Line 1 are shown in Table 5-7.
Table 5-7 The results for the calculations of vB for the tests with regular waves
(Line 1)
H
(m)
T
(sec)
0
<*)
$ dB
(m)
vB
(cm/s)
0.253
(G)
2.016 15 0.65
(plunging breaker)
0.259 5.48
0.086
(G)
2.016 15 1.02
(plunging breaker)
0.100 2.34
0.092
(G)
3.009 15 1.48
(plunging breaker)
0.120 1.95
0.086
(M)
2.015 15 0.85
(plunging breaker)
0.102 2.32
' 0.077 
(M)
3.005 15 1.35
(plunging breaker)
0.106 1.68
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In order to compare the estimated values of vb with the measured vb from 
experimental results (for both types of beach), the data have been tabulated and 
presented at the following Tables.
Table 5-8 The measured vB at the tests with gravel beach (Line 1)
H T dB vB (cm/s) vB (cm/s)
(m) (sec) (m) estimated measured
0.253 (LI) 2.016 0.259 5.48 -
0.086 (LI) 2.016 0.100 2.34 -
0.092 (LI) 3.009 0.120 1.95 -
Table 5-9 The measured vb at the tests with mixed beach (Line 1)
H T dB vB(cm/s) vB (cm/s)
(m) (sec) (m) estimated measured
0.086 (LI) 2.015 0.102 2.32 -
0.077 (LI) 3.005 0.106 1.68 -
Despite the fact that the new estimated vb had few available locations to 
compare with, especially for tests with mixed beach where there were not any 
measurements at these breaking depths for both trench and uniform slope, it 
gave slightly better results than the previous estimated vb of Longuet-Higgins 
equation. There were not any available measurements for trench for both types 
of beach. In general, the estimated value of vb was still not close enough to the 
measured vB.
Rattanapitikon and Shibayama (2006) undertook a study to find out the suitable 
breaking wave formulas for computing breaker depth, and corresponding orbital 
to phase velocity ratio and breaker height converted with linear wave theory. A 
total of 695 cases collected from 26 sources of published laboratory data were 
used.
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With regard to assumed orbital to phase velocity, only the formula of Isobe 
(1987) was available. Rattanapitikon and Shibayama (2006) developed a new 
formula by reanalysis of the Isobe’s (1987) formula. The new formula gave 
excellent predictions for all conditions (ERaVg=3%). The assumed orbital 
velocity (fZJ ) formula of Rattanapitikon and Shibayama (2006) was written as:
Eq.5-17 f- ) ° ' 83tanh2(kbhb) VL0 /
where,
Cb is the phase velocity at the breaking point, kb is the wave number at the 
breaking point, m is the bottom slope and hb is the breaker depth (Eq.5-4). Eq.5- 
14 was substituted by Eq.5-17 in the Longuet-Higgins’s (1972) equation. The 
new equation has the form of:
Eq.5-18 vj = 2.7Ci^sinOb cos0b
and consequently,
Eq.5-19 vB = 0.54(i^sin0b cosOb
The results of the calculations, by using Eq.5-17 and Eq.5-19, for Lines 2 and 3 
are shown in Table 5-10 below.
Table 5-10 The results for the calculations of vB for the tests with regular waves
(Line 2 and Line 3)
H
(m)
T
(sec)
e
(•)
t da
(m)
Ub
(m/s)
vb
(cm/s)
0.253
(G)
2.016 15 0.55
(plunging breaker)
0.301 0.841 6.04
0.086
(G)
2.016 15 0.77
(plunging breaker)
0.126 0.497 2.39
0.092
(G)
3.009 15 1.11
(plunging breaker)
0.151 0.539 1.92
0.086
(M)
2.015 15 0.85
(plunging breaker)
0.123 0.502 2.39
0.077
(M)
3.005 15 1.22
(plunging breaker)
0.130 0.498 1.65
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In order to compare the estimated values of vb with the measured vb from 
experimental results (for both types of beach), the data have been tabulated and 
presented in the following Tables.
Table 5-11 The measured vb at the tests with gravel beach (Line 2 and Line 3)
H
(m)
T
(sec)
dB
(m)
vb (cm/s) 
estimated
vB(cm/s)
measured
0.253 (L2) 2.016 0.300 6.04 1.25
0.253 (L3) 2.016 0.300 6.04 -6.29
0.086 (L2) 2.016 0.125 2.39 4.31
0.086 (L3) 2.016 0.125 2.39 12.65
0.092 (L2) 3.009 0.151 1.92 0.59
0.092 (L3) 3.009 0.151 1.92 -
Table 5-12 The measured vb at the tests with mixed beach (Line 2 and Line 3)
H
(m)
T
(sec)
dB
(m)
vB (cm/s) 
estimated
vB(cm/s)
measured
0.086 (L2) 2.015 0.123 2.39 -
0.086 (L3) 2.015 0.123 2.39 11.86
0.077 (L2) 3.005 0.130 1.65 -
0.077 (L3) 3.005 0.130 1.65 -
The results of the calculations, by using equations Eq.5-18 and Eq.5-19, for Line 
1 are shown in Table 5-13 below.
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Table 5-13 The results for the calculations of vb for the tests with regular waves
(Line 1)
H
(m)
T
(sec)
0
(*)
5 dB
(m) (m/s)
vb
(cm/s)
0.253
(G)
2.016 15 0.65
(plunging breaker)
0.292 0.856 6.07
0.086
(G)
2.016 15 1.02
(plunging breaker)
0 .1 2 0 0.513 2.41
0.092
(G)
3.009 15 1.48
(plunging breaker)
0.144 0.557 1.94
0.086
(M)
2.015 15 0.85
(plunging breaker)
0.123 0.502 2.39
0.077
(M)
3.005 15 1.35
(plunging breaker)
0.127 0.504 1.66
In order to compare the estimated values of vb with the measured vb from 
experimental results (for both types of beach), the data have been tabulated and 
presented at the following Tables.
Table 5-14 The measured vb at the tests with gravel beach (Line 1)
H T dB vB (cm/s) vB (cm/s)
(m) (sec) («n) estimated measured
0.253 (LI) 2.016 0.291 6.07 7.95
0.086 (LI) 2.016 0.119 2.41 -1.86
0.092 (LI) 3.009 0.144 1.94 -
Table 5-15 The measured vb at the tests with mixed beach (Line 1)
H T dB vB (cm/s) vB (cm/s)
(m) (sec) (m) estimated measured
0.086 (LI) 2.015 0.123 2.39 -
0.077 (LI) 3.005 0.128 1.66 -
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The values of estimated vb were close to the values of measured vb for Line 1 
(for both types of beach) and for Line 3 (for gravel beach). It estimated quite 
accurately the magnitude of the vB for few tests. However, it also 
underestimated, as in the previous approaches, the value of vb in some 
occasions. Overall, Eq.5-19 gave much more accurate results than the previous 
equations.
Based on the present experimental results and results of Eq.5-19, five equations 
are proposed for estimation of the mean longshore velocity at the breaking point. 
A linear regression has been fitted to the data and the proposed fits are given by 
the following equations:
For gravel beach-trench,
Eq.5- 20a vB = O.554fijsin0bcosOb (R2=0.548)
For mixed beach-uniform slope
Eq.5- 20b vB = 2.68(i^sinObcosOb (R2=l)
The range of applicability of Eq.5- 20a and Eq.5- 20b is the test series of the 
experiment for regular waves (for both gravel and mixed beach). The two 
equations should be quite reliable when used within the limits of applicability.
5.1.1.2 Random Waves
The procedure of estimating the breaking wave height and depth for random 
waves is described in Appendix III (Al). In this section, Eq.5-19 was used to 
estimate the mean long-shore current at the breaking point as it was the most 
accurate equation for regular waves. However, the breaking depth will not be 
calculated by Eq.5-4 but with Eq.5-6.
The results of the calculations, by using Eq.5-19 with Eq.5-6, for Lines 2 and 3 
are shown in Table 5-16 below.
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Table 5-16 The results for the calculations of vb for the tests with random waves
(Line 2 and Line 3)
H
(m)
T,
(sec)
e
(•)
5 dB
(m)
u b
(m/s)
vB
(cm/s)
0.108
(G)
2.264 15 0.77
(plunging breaker)
0.183 0.696 3.72
0 .1 1 0
(G)
3.244 15 1.10
(plunging breaker)
0 .2 2 2 0.852 3.53
0 .1 1 0
(M)
2.278 15 0 .8 6
(plunging breaker)
0.179 0.724 3.81
0.117
(M)
3.053 15 1.45
(plunging breaker)
0 .2 0 0 0.964 4.03
In order to compare the estimated values of vB with the measured vb from 
experimental results (for both types of beach), the data have been tabulated and 
presented at the following Tables.
Table 5-17 The measured vB at the tests with gravel beach (Line 2 and Line 3)
H
(m)
T.
(sec)
dB
(m)
vB (cm/s) 
estimated
vB (cm/s) 
measured
0.108 (L2) 2.264 0.183 3.72 3.63
0.108 (L3) 2.264 0.183 3.72 2.04
0.110 (L2) 3.244 0 .2 2 2 3.53 3.03
0.110 (L3) 3.244 0 .2 2 2 3.53 3.05
Table 5-18 The measured vB at the tests with mixed beach (Line 2 and Line 3)
H
(m)
T,
(sec)
dB
(m)
vB (cm/s) 
estimated
vB (cm/s) 
measured
0.110 (L2) 2.278 0.179 3.81 -
0.110 (L3) 2.278 0.179 3.81 -
0.117 (L2) 3.053 0 .2 0 0 4.03 1.21
0.117 (L3) 3.053 0 .2 0 0 4.03 1.95
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The results of the calculations, by using Eq.5-19 with Eq.5-6, for Linel are 
shown in Table 5-19 below.
Table 5-19 The results for the calculations of vb for the tests with random waves
(Line 1)
H
(m)
T,
(sec)
0
<•)
$ <Ib
(m) (m/s)
vb
(cm/s)
0.108
(G)
2.264 15 0.95
(plunging breaker)
0.172 0.746 3.87
0 .1 1 0
(G)
3.244 15 1.46
(plunging breaker)
0.203 0.947 3.76
0 .1 1 0
(M)
2.278 15 0.94
(plunging breaker)
0.174 0.750 3.89
0.117
(M)
3.053 15 1.67
(plunging breaker)
0.190 1.03 4.19
In order to compare the estimated values of vb with the measured vb from 
experimental results (for both types of beach), the data have been tabulated and 
presented at the following Tables.
Table 5-20 The measured vb at the tests with gravel beach (Line 1)
H T. da vB (cm/s) vb (cm/s)
(m) (sec) (m) estimated measured
0.108 (LI) 2.264 0.172 3.87 2.58
0.110 (LI) 3.244 0.203 3.76 3.25
Table 5-21 The measured vb at the tests with mixed beach (Line 1)
H T, d& vb (cm/s) vb (cm/s)
(«n) (sec) (m) estimated measured
0.110 (LI) 2.278 0.174 3.89 -
0.117 (LI) 3.053 0.190 4.19 -2.90
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It can be seen that Eq.5-19 gave satisfactory results for gravel beach. The vb was 
often overestimated for mixed Beach.
Based on the present experimental results and results of Eq.5-19, three equations 
are proposed for the mean longshore velocity at the breaking point for random 
waves. A linear regression has been fitted to the data and the proposed fit is 
given by the following equation:
For gravel beach-uniform slope
Eq.5-21a vB = O.438tf£sin0bcos0b (R2=0.666)
For mixed beach-uniform slope
Eq.5-21b vB = O.212(£sin0bcos0b (R2=0.434)
For gravel beach-trench
Eq.5-21c vB = O.412tfjsin0bcos0b (R2=0.267)
The range of applicability of Eq.5-21a, Eq.5-21b and Eq.5- 20c is the test series 
of the experiment for random waves (for both gravel and mixed beach). The 
three equations should be quite reliable when used within the limits of 
applicability.
5.1.2 Theoretical approaches of calculating y, Hb and db
Based on the assumption that the estimated breaking depth and height of Eq.5-3 
were accurate, new theoretical equations of breaker depth index (y), breaking 
height (Hb) and breaking depth (db) have been put forward. Firstly, the influence 
of four parameters (0, T, Ho and m) on y, dB and HB has been investigated. The 
influence of each parameter on the breaking depth and height, and consequently 
on y, has been investigated separately from the other parameters, while the other 
three parameters remained constant. The values of these parameters was chosen 
in such a. way in order to cover the whole range from normal wave attack to 
more oblique and from no slope to very steep slope. The values of wave height 
and wave period were chosen in such a way that the wave steepness remained
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less than 1/7 (no wave breaking before reach the slope). The breaking depth and 
breaking height, in Table 5-22 to Table 5-25, were calculated based on Eq.5-3 
where the breaking depth index (y) was calculated by He/de. The Iribarren 
number was calculated based on the Eq.5-1.
5.1.2.1 Incident deepwater wave angle
Various incident wave angles, normal to the shoreline, have been used in order 
to calculate the de, Hb and y. The results of the calculations are shown in Table 
5-22 below.
Table 5-22 The influence of incident wave angle
Number of 
scenario
0
(•)
cos0 « m Ho
(m)
T
(sec)
$ Hb
(m)
ds
(m)
Y
1 0 1.000 0.1 0.24 2 0.510 0.254 0.259 0.979
2 10 0.985 0.1 0.24 2 0.510 0.251 0.256 0.980
3 15 0.966 0.1 0.24 2 0.510 0.251 0.256 0.980
4 30 0 .8 6 6 0.1 0.24 2 0.510 0.242 0.245 0.986
5 45 0.707 0.1 0.24 2 0.510 0.225 0.226 0.996
6 50 0.643 0.1 0.24 2 0.510 0.217 0.217 1.000
7 60 0.500 0.1 0.24 2 0.510 0.197 0.194 1.012
8 75 0.259 0.1 0.24 2 0.510 0.150 0.144 1.038
9 80 0.174 0.1 0.24 2 0.510 0.127 0.121 1.050
10 89 0.017 0.1 0.24 2 0.510 0.050 0.045 1.092
It can be seen that the incident deepwater wave angle is inversely proportional to 
breaking height and depth, and proportional to the breaker depth index.
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5.1.2.2 Wave period (T)
Various wave periods have been used in order to calculate de, Hb and 7 .The 
results of the calculations are shown in Table 5-23 below.
Table 5-23 The influence of wave period
Number of 
scenario
T
(sec)
e
<•)
cosOo m Ho
(m)
t Hb
(m)
<1b
(m)
Y
11 1.8 15 0.966 0.1 0.24 0.459 0.242 0.254 0.953
12 2 15 0.966 0.1 0.24 0.510 0.251 0.256 0.981
13 3 15 0.966 0.1 0.24 0.765 0.291 0.277 1.049
14 4 15 0.966 0.1 0.24 1.020 0.324 0.301 1.076
15 5 15 0.966 0.1 0.24 1.275 0.354 0.325 1.089
16 6 15 0.966 0.1 0.24 1.530 0.380 0.347 1.096
17 7 15 0.966 0.1 0.24 1.785 0.405 0.367 1.101
18 8 15 0.966 0.1 0.24 2.040 0.428 0.388 1.105
19 9 15 0.966 0.1 0.24 2.296 0.451 0.408 1.107
20 10 15 0.966 0.1 0.24 2.551 0.475 0.428 1.109
It can be seen that the wave period is proportional to the Iribarren number, to 
breaking height, to the breaking depth and to breaker depth index.
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5 .U J  Deepwater wave height (HJ
Various deepwater wave heights have been used in order to calculate de, Hb and 
y. The results of the calculations are shown in Table 5-24 below.
Table 5-24 The influence of deepwater wave height
Number of 
scenario
H t
(m)
e
<•)
cosOo m T
(sec)
% Hb
(m)
ds
(m)
y
21 0.025 15 0.966 0.1 2 1.581 0.041 0.037 1.097
22 0.05 15 0.966 0.1 2 1.118 0.070 0.065 1.082
23 0.075 15 0.966 0.1 2 0.913 0.097 0.091 1.067
24 0.08 15 0.966 0.1 2 0.884 0 .102 0.096 1.064
25 0.1 15 0.966 0.1 2 0.790 0 .122 0.116 1.053
26 0.25 15 0.966 0.1 2 0.500 0.259 0.266 0.976
27 0.5 15 0.966 0.1 2 0.353 0.467 0.551 0.849
28 0.75 15 0.966 0.1 2 0.289 0.681 0.973 0.700
29 0 .8 15 0.966 0.1 2 0.279 0.727 1.096 0.663
30 0.85 15 0.966 0.1 2 0.271 0.777 1.251 0.622
It can be seen that the deepwater wave height is proportional to breaking height 
and depth, and inversely proportional to the breaker depth index.
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5.1.2.4 Bottom slope (m)
Various bottom slopes have been used in order to calculate de, Hb and y.The 
results of the calculations are shown in Table 5-25 below.
Table 5-25 The influence of bottom slope
Number of 
scenario
m e
(•)
cosOo Ho
(m)
T
(sec)
t Hb
(m)
d®
(m)
y
31 0.01 15 0.966 0.24 2 0.051 0.242 0.317 0.762
32 0 .02 15 0.966 0.24 2 0 .102 0.243 0.307 0.792
33 0.05 15 0.966 0.24 2 0.255 0.246 0.282 0.874
34 0.06 15 0.966 0.24 2 0.306 0.248 0.276 0.899
35 0.07 15 0.966 0.24 2 0.357 0.249 0.270 0.921
36 0.1 15 0.966 0.24 2 0.510 0.251 0.256 0.981
37 0 .2 15 0.966 0.24 2 1.020 0.255 0.235 1.082
It can be seen that the bottom slope is inversely proportional to the breaking 
depth and proportional to the breaking height and the breaker depth index. It can 
be observed that the changes of the breaking height were not substantial, 
showing that the influence of the bottom slope was not so effective to Hb.
It has to be mentioned that after the sensitivity study of Eq.5-3, it found that it is 
sensitive to the wave angle and the wave steepness giving numbers of breaking 
index higher than 0.8. A modification of Eq.5-3 is needed to improve the 
applicability of the equation for more cases.
After a nonlinear regression of the data from Table 5-22 to Table 5-25, an 
equation with a complex form has been produced in order to estimate the breaker 
depth index. The equation includes the wave steepness and the product of the 
Iribarren.number and cosOo. The equation is shown below.
153
C h a p ter  V Analysis o f  th e  E xperim ental Results
E q .5 -22  y  =  - 1 4 . 2 2  +  0 .2 2 4 2 $  +  0 .7 6 8 2 $ 2 -  0 .1 1 4 3 $ 3 -  0 .6 5 0 4 $ 4 
+ 0 .1 4 2 3 $ 5 -  2 1 .3 2 9 4 In — -  1 2 .3 0 5 6 f l n — VLo V Lo/
- 3 . 5 9 5 4  ( in  ^ ) 3 -  0 .5 3 0 9  ( in  -  0 .0 3 1 5  ( l n ^ ) 5
T h e equa tion  has b een  p lo tted  in o rd e r  to  investiga te  its correlation  w ith  the 
estim ated  b reak in g  dep th  index  (F ig u re  5 -1 ). It can  be seen that the sca tte r o f  the 
eq u a tio n  co rre la ted  w ith  the  e s tim a ted  b re a k in g  d ep th  index quite accurately .
1.8
1.6
1.4
1.2
R2 = 0 .9 7 7 9
0.8
0.6
0.4
0.2
1.81.2 1.4 1.60.6 0.80.2 0.4
Calculated breaking depth index (Eq.5-22)
F igu re  5-1 C alcu la ted  vs. E stim a ted  b re ak in g  d ep th  index
M oreover, a fte r a n o n lin ea r reg re ss io n  an a ly s is , it is found  that the best-fit 
eq u a tio n s  for b reak in g  dep th  and  b re ak in g  h e ig h t are the fo llow ing:
E q .5 -23  Hb =  0 .1 6 5 7 co sQ 0 -  0 .1 8 8 5 m  +  1 .0 2 8 4 H 0 +  0 .0 0 1 8 9 L 0 -  0 .1 5 0 4
E q .5 -24  d b =  -O .O 4 6 6 c o s0 o -  0 .5 6 9 3 m  +  1 .5 3 5 H „ -  1 . 4 1 1 4 ^  +  0 .0 8 5 3
T h e eq u a tio n s in c lu d ed  all fo u r p aram eters . A lso , th ey  have been  p lo tted  in order 
to  in v estig a te  th e ir co rre la tio n  w ith  the  e s tim a ted  b reak in g  heigh t and breaking  
d ep th  (F ig u re  5-2 and  F ig u re  5-3).
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F igure  5-2  C alcu la ted  vs. E s tim a ted  b re a k in g  h e ig h t
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It can be seen that the two equations correlated with the estimated breaking 
depth and height quite well.
S. 1.2.5 Comparison with previous formulae and data
Eq.5-23and Eq.5-24 have been compared with previous formulae for only 
normal incident waves (cos0o=l). Some of these formulae are described briefly 
below:
a) Miche (1944) developed the semi-theoretical breaking criterion for 
periodic waves in finite water depth and express the limiting steepness 
for progressive waves in any depth of water as
Eq.5-25 ^  = 0.142tanhLfa V L|, /
where Lb is the wavelength at breaking (i.e., immediately seaward of the 
breaker). This formula is only strictly valid only for a horizontal bottom.
b) Collins (1970) produced a breaking height formula from linear wave 
theory and empirically included the slope effect into the formula. His 
equation was expressed as
Eq.5-26 Hb = db(0.72 + 5.6m)
c) Weggel (1972) proposed an empirical formula for computing breaking 
wave height. The formula is valid for a range of 1/50 < m <1/5. The 
formula was expressed as
Eq 5-27 Hh = db8T2l ‘56/l14~e 19,5!|j f
n q *:> Z / ° b gT2+db43 .7 5 [l—e - i* " ]
d) Sakai and Battjes (1980), based on the theory of Cokelet (1977), plotted 
a curve of the wave breaking limit as a function of Hb/Ho against Ho/Lo. 
This curve can be described by the following equations
Eq.5-28a Hb = H0[0.3839(H0/L0) - 03n8] w h en ^  < 0.0208 
Eq.5-28b Hb = H0 [o.6683 ( ^ )  ° 1M6]
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when 0.0208 < —  < 0.1  
Lo
Eq.5-28c Hb = H0 when 0.1 < —
t-o
The same curve in Sakai and Battjes (1980) also represents the ration of 
Hb/Ho against db/Lo, which can be recast into the equations
Eq.5-29a Hb = H0 [27429 ( ^ ) 2 -  773.71 ( ^ )  + 7.4343]
db
when — < 0 .0 1 1  
Lo
Eq.5-29b Hb = H0 [o.3976 (^•)~° 3834]
db
when 0.011 <  — < 0.049 
Lo
Eq.5-29c Hb = H0 [21.867 ( ^ ) 2 -  7.06 ( ^ )  + 1.5573]
db
when 0.049 <  — < 0.6 
Lo
Eq.5-29d Hb = H0 when 0 .6  <  7
L^o
e) Fenton and McKee (1990) determined the greatest unbroken wave that 
could exist as a function of both wavelength and depth over a nearly 
horizontal bottom as
Eo 5 30 H = d [°-141°63 (Lb/d b)+0.0095721(Lb/d b) 2+0.0077829(Lb/d b)3]
^  b b [l+0.078834(Lb/db)+0.0317567(Lb/d b)2+0.0093407(Lb/d b)3]
f) Kaminsky and Kraus (1993),based on the analysis of large data set on 
depth-limited breaking of regular waves incident to plane sloping 
beaches, derived a breaking height and a breaking depth formulae
/H \ —0-28
Eq.5-31 Hb = 0.46H„ ( ^ )
Eq.5-32 db = 0.3m-° 25H0 ( ^ ) " °  23
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g) Komar (1998) proposed two separate equations for Hb and db, 
respectively.
Eq.5-33 Hb = 0.39g0 2 (TH02) ° 4
Eq.5-34 db = Hb{1.2[m/(Hb/Lb)0S] « 7}
h) Rattanapitikon and Shibayama (2006) developed a breaking depth and 
wave height formulae (Eq.5-4 and Eq.5-5) based on the reanalysis of 
existing formulas which gave good predictions for small- and large-scale 
experiments.
i) Le Roux (2007), proposed two separate equations for fully developed 
waves, Hb and db, respectively
Eq.5-35 Hb = Lq/24
Eq.5-36 db = L0/20.0392
The comparison of Eq.5-23 and Eq.5-24 to the other formulae was based on the
results taken from Table 2 of Le Roux (2007). The results from the comparison 
are presented in Table 5-26 and Table 5-27. The abbreviations in Table 5-26 
and Table 5-27 are explained below:
Col = Collins (1970)
Mic = Miche (1944)
S&B1 = Eqs. (Eq.5- 28a - Eq.5- 28c) Sakai and Battjes (1980)
S&B2 = Eqs. (Eq.5- 29a - Eq.5- 29d), Sakai and Battjes (1980)
K&G = Komar and Gaughan (1973)
Kom = Komar (1998)
F&M = Frenton and McKee (1990)
LR = Le Roux (2007)
Weg = Weggel (1972)
KK = Kaminsky and Kraus (1993)
RS = Rattanapitikon and Shibayama (2006)
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Table 5-26 Comparison of wave breaking heights for fully developed waves 
(Ho/Lo=0.0354) with different wave periods over different slopes (taken from Le
Roux, 2007)
T Col Mic S&B1 S&B2 K&G Kom F&M LR KK RS Eq.5-23
1x10~6 0slope
1.6 0.14 0.17 0.16 0.18 0.15 0.15 0.15 0.17 0.17 0.14 0.17
3.3 0.61 0.71 0.7 0.76 0 .6 6 0 .6 6 0.63 0.71 0.71 0.62 0.67
5.1 1.46 0.69 1.69 1.81 1.57 1.58 1.5 1.69 1.69 1.47 1.57
6 .6 2.44 2.82 2.83 3.04 2.63 2.65 2.5 2.83 2.82 2.46 2.62
8.4 3.% 4.57 4.58 4.91 4.26 4.29 4.06 4.59 4.57 3.99 4.23
11.1 6.91 7.98 7.98 8.56 7.43 7.47 7.09 8.02 7.98 6.97 7.38
11.8 7.81 9.02 9.03 9.68 8.4 8.45 8.01 9.06 9.02 7.88 8.34
5° slope
1.6 0 .2 - 0.16 0.19 0.15 0.15 - 0.19 0.17 0.15 0.15
3.3 0.84 - 0.7 0.81 0 .6 6 0 .6 6 - 0.81 0.71 0.64 0.65
5.1 2 - 1.69 1.95 1.57 1.58 - 1.93 1.69 1.53 1.55
6 .6 3.35 - 2.83 3.27 2.63 2.65 - 3.23 2.82 2.56 2.60
8.4 5.43 - 4.58 5.29 4.26 4.29 - 5.23 4.57 4.15 4.22
11.1 9.48 - 7.98 9.22 7.43 7.47 - 9.14 7.98 7.24 7.37
11.8 10.71 - 9.03 10.43 8.4 8.45 - 10.33 9.02 8.19 8.33
l(f slope
1.6 - - 0.16 0 .2 0.15 0.5 - 0.2 0.17 0.15 0.14
3.3 - - 0.7 0.84 0 .6 6 0 .6 6 - 0.85 0.71 0 .66 0.63
5.1 - - 1.69 2 1.57 1.58 - 2.04 1.69 1.57 1.54
6.6 - - 2.83 3.36 2.63 2.65 - 3.41 2.82 2.62 2.59
8.4 - - 4.58 5.43 4.26 4.29 - 5.53 4.57 4.25 4.20
11.1 - - 7.98 9.47 7.43 7.47 - 9.65 7.98 7.41 7.35
11.8 - - 9.03 10.71 8.4 8.45 - 10.91 9.02 8.38 8.31
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F igure 5-4 G raph ical p resen ta tion  o f  T ab le  5 -2 6  fo r lx lO -6 °slope
4  6  8
W a v e  p e r io d  ( s e c )
F igure 5-5 G raph ical p resen ta tio n  o f  T ab le  5-26  for 5° slope
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F igure  5-6 G raph ical p resen ta tio n  o f  T ab le  5 -2 6  fo r 10° slope
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Table 5-27 Comparison of wave breaking depths for fully developed waves 
(Ho/Lo=0.0354) with different wave periods over different slopes (taken from Le
Roux, 2007)
T Weg Kom LR KK RS Eq.5-24
lx l (T6 0slope
1.6 0 .22 0 0 .2 - 0.21 0.21
3.3 0.91 0.01 0.85 - 0.90 0.91
5.1 2.17 0.02 2.03 - 2.16 2.19
6 .6 3.63 0.04 3.39 - 3.62 3.68
8.4 5.88 0.06 5.5 - 5.86 5.97
11.1 10.28 0.11 9.6 - 10.23 10.44
11.8 11.62 0.13 10.85 - 11.56 11.80
5° slope
1.6 0.18 0.15 0.16 0.17 0.18 0.16
3.3 0.77 0.64 0.69 0.72 0.76 0.86
5.1 1.83 1.52 1.65 1.71 1.81 2.15
6 .6 3.07 2.55 2.77 2 .86 3.03 3.63
8.4 4.97 4.13 4.49 4.64 4.90 5.93
11.1 8.69 7.2 7.83 8 .10 8.56 10.39
11.8 9.82 8.14 8.85 9.15 9.67 11.75
1 ( f slope
1.6 - 0.18 0.15 0.14 0.16 0.11
3.3 - 0.77 0.65 0.60 0.67 0.81
5.1 - 1.84 1.55 1.44 1.60 2.10
6 .6 - 3.08 2.59 2.40 2.67 3.58
8.4 - 4.99 4.19 3.89 4.33 5.88
11.1 - 8.7 7.32 6.80 7.56 10.34
11.8 - 9.84 8.27 7.68 8.55 11.70
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W a v e  p e r io d  ( s e c )
F igure 5-7 G raph ical p resen ta tio n  o f  T ab le  5-27  fo r l x l  O'6 °slope
4  6  8  10  12
W a v e  p e r io d  ( s e c ) _____________________________________
F igure 5-8 G raph ical p resen ta tio n  o f  T ab le  5-27 fo r 5° slope
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W a v e  p e r io d  ( s e c )
F igure 5-9  G raph ica l p resen ta tio n  o f  T ab le  5 -27  fo r 10° slope
A s it can  be  seen , E q.5-23 sligh tly  u n d eres tim a ted  the value o f  b reak ing  heigh t 
com pared  to the va lues o f  the o th er fo rm u lae . H ow ever, E q .5 -24  overestim ated  
the v a lu e  o f  b reak in g  dep th  com pared  to  o th e r form ulae . T he E q.5-22 , Eq.5-23 
and  E q .5 -24  have to be com pared  w ith  fu rth er m easured  data in  o rder to 
exam ine th e ir valid ity .
E q .5- 22, E q .5 -23 , E q .5 -24 , Le R o u x ’s (2 0 0 7 ) equations and  the equations o f  
R attanap itikon  and  S h ibayam a (200 , 2 0 0 6 ) w ere  com pared  w ith  a database  o f  17 
independen t d ata  (from  17 labo ra to ry  experim en ts). K am insky  and  K raus 
(1993) ana lyzed  the data  and su m m arized  the basic  statistics o f  the database, 
firstly  fo r the com plete  data  set and  then  for the m edium -slope da ta  set, w ith  
p articu la r in terest in the m ax im um , m in im u m  and average value  o f  d B, H B and y. 
T he eigh t equa tions w ere co m p ared  w ith  the sum m aries o f  d a tab ase  sta tistics in 
T ab le  5-28 to  T ab le  5-33. F igure 5-10  to F igure 5-15 show  the graph ical 
p resen ta tio n  o f  th is com parison .
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T ab le  5-28 S um m ary  o f  da tabase  sta tis tics  fo r com plete  da ta  set
(b reak in g  heigh t)
C o m p le te  D ata  Set (K am insky  and  K raus, 1993) E stim ations
m T
(sec)
Lo
(m )
Ho
(m )
Ho/Lo H b
(m )
H b 
LR  
(m ) 
(e rro r % )
H b 
R00 
(m ) 
(erro r % )
H b 
R S06 
(m ) 
(e rro r % )
H b 
E q .5 - 23 
(m ) 
(e rro r % )
VI ax. 0 .20 6 .00 56.21 1.37 0.0244 1.50 2 .34
(56% )
1.598
(6 .6% )
1.595
(6 .3% )
1.493
(-0 .5 % )
Avg. 0 .06 1.66 4 .30 0.09 0 .0209 0.11 0 .18
(80% )
0.104
(-5 .1% )
0.104
(-5 .8% )
0.105
(-4 .8% )
Min. 0.01 0 .70 0 .77 0.01 0.0131 0.02 0.03
(50% )
0.012
(37 .7% )
0.012
(39 .1% )
0.025
(25 .8 % )
2.4
2.2
1 18
x  1.6 00 
'53
1  1.4ooc
1.22■
1CD•o8k-
2 0.8reu
^ 0.6
0 .4
0.2
2 2.2 2.41.2 1.4 1.6 1.80.2 0 .4 .6 0.8 1
♦  LR 
XRSOO 
X R S06  
■  Eq.5-23
Estimated Breaking Height (m)
F igure 5 -10  G raph ical p resen ta tio n  o f  T ab le  5- 28
1 65
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T ab le  5-29 Sum m ary  o f  d a tab ase  sta tis tics  for m edium -slope data  set (b reak ing
h eig h t)
M ed ium -slope D ata Set (K am insky  and  K raus, 1993) E stim ations
m T
(sec)
Lo
(m )
Ho
(m )
Ho/Lo Hb
(m )
H b 
LR  
(m ) 
(e rro r % )
H b 
R00 
(m ) 
(error % )
H b 
R S06 
(m ) 
(erro r % )
H b 
E q.5- 23 
(m ) 
(erro r % )
M ax. 0.03 5.00 39.03 1.21 0 .0310 1.50 1.63
(8 .7 % )
1.291
(-13.9% )
1.286
(-14.3% )
1.328
(-11 .5% )
A vg. 0.02 1.69 4.46 0.10 0 .0224 0.12 0 .19
(5 8 .3 % )
0.112
(-6 .5% )
0.112
(-6.5% )
0.123
(2 .4% )
M in. 0.01 0.78 0.95 0.01 0.0105 0.02 0 .04
(1 0 0 % )
0.013
(-34 .7% )
0.013
(-34.7% )
0.025
(27 .5% )
1.8
1.6
>■
1.4
1.2
RSOO0.8
RS06
0.6
Eq.5-23
0.4
0.2
1.2 1.6 1.80.6 0.8 1.40.2 0.4
E stim a ted  B reaking H eight (m)
Figure 5-11 G raphical p resen ta tion  o f  T ab le  5-29
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T ab le  5-30  S um m ary  o f  d a tab ase  s ta tis tic s  fo r com plete  data  set (b reak ing  depth)
C om plete D ata Set (K am insky  and K raus, 1993) E stim ations
m T
(sec)
Lo
(m )
Ho
(m )
H q/L o db
(m )
db 
L R  
(m ) 
(e rro r % )
db 
R00 
(m ) 
(e rro r % )
db 
R S06 
(m ) 
(erro r % )
db
E q.5- 24 
(m ) 
(e rro r %)
Max. 0 .20 6.00 56.21 1.37 0 .0244 2 2 .80
(4 0 % )
1.414
(-29 .3% )
1.585
(-20 .8% )
1.994
(-0 .3% )
Avg. 0 .06 1.66 4 .30 0 .09 0 .0209 0.13 0.21
(6 1 .5 % )
0.110
(-15 .3% )
0.130
(0 .0% )
0.113
(-13 .2% )
Min. 0.01 0 .70 0.77 0.01 0.0131 0.03 0 .04
(3 3 .3 % )
0.015
(-49 .5% )
0.017
(-42 .6% )
0 .029
(-2 .5% )
2.8
2.6
2.4
E 2.2
f  2 ■
0  1.8 00
1  1.6
re
9> 1.4i-00•aIw 1.2 
2 lre|  0.8 
0.6 
0.4
0.2
0 0 .2 0 .4  0 .6 0 .8  1 1.2 1 .4  1 .6 1.8 2 2.2 2.4 2 .6  2.8 3
♦  LR
XRS00
•  RS06
■  Eq.5-24
E stim a ted  B reak in g  D ep th  (m )
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T able 5-31 S um m ary  o f  d a tab ase  sta tis tic s  fo r m edium -slope data  set (b reak ing
d ep th )
M edium -slope D ata Set (K am insky  and K raus, 1993) Estim ations
m T
(sec)
Lo
(m )
Ho
(m )
Ho/Lo d b
(m )
d b 
LR  
(m ) 
(e rro r % )
db 
R00 
(m ) 
(error % )
db 
R S06 
(m ) 
(erro r % )
d b
E q .5 - 24 
(m ) 
(e rro r % )
Max. 0.03 5.00 39.03 1.21 0 .0310 1.9 1.95
(2 .6% )
1.539
(19.0% )
1.738
(-8 .5% )
1.835
(-3 .4% )
Avg. 0.02 1.69 4.46 0.10 0.0224 0.15 0.22
(46 .7 % )
0.135
(-10 .0% )
0.155
(3 .1% )
0.149
(-0 .9% )
M ia 0.01 0.78 0.95 0.01 0.0105 0.03 0.05
(66 .7% )
0.016
(-47 .5% )
0.018
(-40.6% )
0.033
(9 .7% )
1.8
1.6
1.4
a
1.2(to
RSOO
0.8 RS06
Eq.5-240.6
0.4
0.2
1.2 1.4 1.6 1.80.2 0 .4  0 .6  0 .8
E stim a ted  B reaking D ep th  (m )
Figure 5 -1 3  G raph ical p resen ta tio n  o f  T ab le  5- 31
1 6 8
C h ap ter  V Analysis o f  t h e  E xperim enta l R esults
T ab le  5-32 S um m ary  o f  da tab ase  sta tis tic s  fo r com plete data  set (b reak ing  depth
index)
C om ple te  D ata Set (K am in sk y  an d  K raus, 1993) E stim ations
m T
(sec)
Lo
(m )
Ho
(m )
Ho/Lo y
(m )
Y
L R  
(m ) 
(erro r % )
Y
E q.5- 22 
(m ) 
(erro r % )
M ax. 0 .20 6.00 56.21 1.37 0 .0 2 4 4 0.75 0.835
(-11 .3% )
0.757
(0 .9% )
A vg. 0 .06 1.66 4 .30 0 .09 0 .0 2 0 9 0.85 0.835
(-1 .3% )
0.894
(5 .2% )
M in. 0.01 0 .70 0.77 0.01 0.0131 0.67 0.835
(25 .3% )
0.685
(2 .2% )
1.4
1.2
Q-
0.8
♦  LR0.6
■  Eq.5-22
0.4
0.2
0.8 1.2 1.40.4 0.60.2
Estim ated Breaking Depth Index
Figure 5-14 G raph ical p resen ta tio n  o f  T ab le  5-32
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T ab le  5-33 S um m ary  o f  da tab ase  sta tis tic s  fo r m edium -slope data  set (b reak ing
d ep th  index)
M ed iu m -slo p e  D ata Set (K am in sk y  and  K raus, 1993) E stim ations
m T
(sec)
L0
(m )
Ho
(m )
Ho/Lo y
(m )
y
LR  
(m ) 
(erro r % )
y
E q.5- 22 
(m ) 
(e rro r % )
M ax. 0.03 5.00 39.03 1.21 0 .0 3 1 0 0.79 0.835
(5 .8% )
0.791
(0 .1% )
A vg. 0 .02 1.69 4 .46 0 .10 0 .0 2 2 4 0 .80 0.835
(4 .4% )
0.745
(-6 .9% )
M in. 0.01 0.78 0.95 0.01 0 .0105 0 .67 0.835
(25 .3% )
0.704
(5 .1% )
1.4
1.2
0.8
♦  LR
0.6
■  Eq.5-22
0.4
0.2
1.2 1.40.6 0.80.2 0.4
E stim a ted  B reaking D ep th  Index
F igure  5-15 G raph ica l p resen ta tio n  o f  T ab le  5-33
1 7 0
Chapter V Analysis of the Experimental Results
The examination of the eight formulae shown Eq.5-22, Eq.5-23 and Eq.5-24 
gave a satisfactory overall prediction for the complete and medium-slope data 
set. Eq.5-23 predicted the breaking height much more accurate than the other 
equations with a promising almost zero percentage error in the prediction of the 
maximum value of the complete data set.
Furthermore, Eq.5-24 was much more accurate in predicting the breaking depth, 
than the equations of Le Roux’s (2007) and Rattanapitikon and Shibayama 
(2000, 2006), with most of its predictions having an under 5% error for both 
complete and medium-slope data set. The equation of Rattanapitikon and 
Shibayama (2006) also predicted the breaking depth accurately for the average 
values of both data sets with a zero percentage error for the complete data set.
The four equations, that estimate the breaking depth, have also been applied to 
the Ting’s and Kirby’s (1994) laboratory data set (Table 5-34). It has to be 
mentioned that breaking points of spilling breakers were defined by Ting and 
Kirby (1994) as the location where air bubbles began to be entrained in the wave 
crest, whereas those of plunging breakers were defined as the point where the 
front face of wave became nearly vertical. From the comparison of the four 
equations, the Le Roux’s (2007) equation shows that is inadequate to predict the 
breaking depth. In contrast, Eq.5- 24 and the equations of Rattanapitikon and 
Shibayama (2006) are adequate to estimate the breaking depth. In general, Eq.5- 
24 has shown to be more accurate than the equation of Rattanapitikon and 
Shibayama (2006) with also zero percent error for plunging breakers. However, 
the equation of Rattanapitikon and Shibayama (2006) had zero percent error for 
spilling breakers.
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Table 5-34 Comparison of breaking depth for laboratory data set
Complete Data Set (Kaminsky and Kraus, 1993) Estimations
•reaker
Type
m T
(sec)
Lo
(m)
Ho
(m)
Ho/Lo db
(m)
db 
LR 
(m) 
(error %)
db 
R00 
(m) 
(error %)
db 
RS06 
(m) 
(error %)
db
Eq.5- 24 
(m) 
(error %)
pilling 1/35 2.00 6.25 0.127 0.020 0.196 2.80
(40%)
0.169
(-13.8%)
0.196
(0.0%)
0.189
(-3.6%)
unging 1/35 5.00 39.03 0.089 0.0023 0.156 0.21
(61.5%)
0.170
(9.0%)
0.195
(25.9%)
0.156
(0.0%)
As far as the breaker depth index was concerned, Eq.5-22 gave the best 
estimation. Eq.5-22 was very accurate in predicting the breaking depth index for 
the minimum and maximum values of the medium-slope data set. Overall it had 
less than seven percentage error, for either data set. The equation of Le Roux 
(2007) gave a constant value for all the cases and has shown its lack of 
estimating the value of y for different wave conditions and slopes.
5.2 W A V E -IN D U C E D  C U R R E N T S
As the oblique waves break to the shoreline two mean currents are generated 
flowing parallel (long-shore currents) and straight normal (cross-shore currents) 
to the coast. These two mean currents can be considered as components of a 
continuum flow field from which the resulting wave-induced mean current 
structure is illustrated in Figure 5-16 (Svendsen and Lorenz, 1989). These 
nearshore currents in combination with the stirring action of the waves are 
important for the sediment transport and therefore are significant factors in 
morphological changes. Consequently, they are of great importance for 
managers of coastal areas, coastal engineers and marine geologistics (Visser, 
1991).
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b«ach
mean currents not defined 
above wave trough
undertow
longshore current!
F ig u re  5 -16  S chem atic  d iag ram  o f  th e  v e rtic a l p ro file  o f  the m ean  cross-sho re  
and  lo n g sh o re  cu rren t in  the  n ea rsh o re  (f ro m  S v en d sen  and  L orenz, 1989)
5.2.1 Cross-shore C urrents
C ro ss-sh o re  cu rren ts  are  re la ted  to  the  m ass  co m p en sa tio n  u n d er b reak in g  w aves 
and  th ey  are no t co n stan t o v er d ep th  (C o as ta l E n g ineering  M anual, 2003). T he  
m ain  ch a rac te ris tic  o f  the c ro ss-sh o re  cu rren t is the ex istence o f  the tw o- 
d im en sio n al c ircu la tio n  in the s u r f  z o n e  k n o w n  as “undertow  cu rren t” , w h ich  
flow s in the seaw ard s d irec tio n  from  th e  sho re line . This cu rren t is d irec ted  
o ffsh o re  on the bo tto m , b a lan ced  w ith  th e  o n sh o re  flow  o f  w ate r ca rried  by the 
b reak in g  w aves. C lo se r to  the w a te r  su rface  the resu lting  cu rren t is in the 
o n sh o re  d irec tion . T h e  u n d e rto w  cu rren t m ay be re la tive ly  strong , b e in g  a lm ost 
8%  to  10%  o f  the w ave  ce le rity  (yfgd) n ea r the bottom .
T he u n d erto w  is the re su lt o f  an  im b alan ce  b etw een  the excess m o m en tu m  flux 
in d u ced  by  the b reak in g  w ave, the  m ass flux o f  the ca rrie r w ave and  th e  su rface
1 7 3
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roller, concentrated on the surface layer between the wave crest and trough, and 
the hydrostatic excess pressure caused by the local mean water level gradient 
(setup), which becomes predominant below wave trough level (Briand and 
Kamphuis, 1993).
The undertow can be considered as an explanation of bar formation (in the surf- 
zone, close to the wave breaking point) observed, under wide range of 
conditions, on beach profiles in the laboratory and in the field (Briand and 
Kamphuis, 1993; Svendsen, 1984a and Deigaard et al., 1991).
The first quantitative analysis of the undertow was by Dyhr-Nielsen and 
Sorensen (1970). Furthermore, the undertow profile is solved by Dally and Dean 
(1984), Svendsen (1984a), Hansen and Svendsen (1984), Stive and Wind (1984), 
Svendsen et al. (1987) and Svendsen and Buhr Hansen (1988).
5.2.1.1 Analysis o f the experimental results (cross-shore currents)
The cross-shore currents, of each line and for each test, that measured from the 
experiments were analysed and can be observed at the Appendix III (A2). The 
reverse flow can clearly be seen at all lines for all tests. Most of the 
measurement points were before the breaking point but close enough the 
undertow current to be observed. The undertow was represented (in Appendix 
III-A2) by the seaward direction of the currents. Furthermore, at the trench, the 
seaward direction of the currents could represent rip currents, especially at Test 
1 and Test 2 where the highest wave conditions of the experiment occurred.
Rip currents are usually confused with the undertow. As the waves move to the 
shoreline produces setup. Because of the inclination of the water level, the setup 
water is essentially piled up against the shoreline in an unstable condition. If this 
unstable condition exists along a barred coast or along some of the steeper 
coasts, the setup produces seaward flowing currents that are rather narrow and
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that c reate  circu la tion  cells w ith in  the s u rf  zone. T hese narrow  cu rren ts  are 
ca lled  rip  curren ts.
F igure 5- 17 R ip  cu rren ts  fo rm ation
W hen  w ind  and w aves push  w a te r to w ard s the  sho re , the p rev ious backw ash  is 
o ften  p ushed  sidew ays by  th e  o n co m in g  w av es. T h is  w ater stream s along the 
sho re line  un til it finds an ex it b ack  to  the  sea. T he resu lting  rip current is usually  
narrow  and  located  in a trench . In g en e ra l, w h ile  a com m on m isconcep tion  is 
that a rip  o ccu rring  u n d er the w ate r, in stead  o f  on top —  an undertow  —  is 
s trong  enough  to  d rag  p eop le  u n d er th e  su rface  o f  the w ater; the curren t is 
ac tua lly  strongest at the surface. In som e a reas , rip  currents w ill persist during  
low - to m odera te- en erg y  w ave co n d itio n s  and  then during h igh-energy  w ave 
co nd itions the rips w ill lose th e ir d e fin itio n  and  undertow  w ill be p rim ary  m ode 
o f  seaw ard  re turn  o f  w a te r from  u n stab le  co n d itio n  o f  setup.
T hough , it has to be m en tio n ed  that at som e locations, near the bed, the reverse  
cu rren t is rep laced  by a  sh o rew ard  cu rren t. T his behav iour o f  cu rren ts is carried  
out from  T est 4 to T est 10 (e sp ec ia lly  at L ines 2 and 3). T he sho rew ard  d irection  
o f  these  curren ts  also  affec ted  the sed im en t transport as the sed im ent show ed to 
be sligh tly  m oved  sho rew ard  at the  locations influenced  by these curren ts. T he 
cro ss-sh o re  curren t velocities o f  all tests, near the bed, are p resen ted  at F igure 5- 
18 to  F igure 5-27. In the y -d irec tio n , p o sitiv e  ind icates seaw ard  w here  negative  
ind icates shorew ard .
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The cross-shore current velocity is expected to be very small, close to zero, near 
the bed. However, in Figure 5-18 to Figure 5-27, velocities were not always zero 
or small. It is expected currents to have higher values close to the breaking point. 
However, during the tests currents had relatively high values (for both 
shoreward and seaward directions) even before the breaking point. The 
shoreward currents had maximum value near to 5cm/s. The near bed cross-shore 
currents have shown an oscillating direction, from seaward to shoreward and 
from shoreward to seaward, along the cross-shore section of the beach.
Lara et al. (2002), showed how the undertow behaves over a highly permeable 
bed. They conducted an experimental study in a laboratory, showing the mean 
flow characteristics over impermeable and permeable beds. Their study 
discussed the differences between water surface envelopes and undertow for 
these cases. They showed that the effect of a permeable bed (Dso=19 and 39 
mm) on the undertow is a change of the velocity profile, with the magnitude of 
undertow close to the seafloor reduced. This effect was more important in 
decreasing water depth and it was reduced for decreasing gravel size.
During Test 1 to Test 10, the sizes of Dso were 23mm and 12mm for gravel and 
mixed beach respectively, which are at the low range of the ones that were used 
in the experiments of Lara et al. (2002). The gravel beach is more permeable 
than the mixed beach, which sometimes tends to be impermeable. However, the 
undertow close to the bed was not only reduced but was increased and was also 
replaced by a shoreward current even outside the surf zone. This shoreward 
current could cause suspended sediment to be moved landward. This behaviour 
of the undertow was more noticeable at the tests with the gravel beach. By 
comparing the magnitude of velocities between the gravel and mixed bed, it can 
be seen that the velocities were higher at the gravel bed where the Dso was also 
the highest. This is in agreement with the observation of Lara et al. (2002).
Nevertheless, the increase and even the change of direction of the velocities near 
the bed, especially in the gravel bed, can be due to the mechanism of bed­
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generated turbulence. Lara et al. (2002) stated that the gravel bed-generated 
turbulence characteristics depend on the gravel size and increasing gravel size 
results in an increase in the velocity gradient, which is the principal mechanism 
for the generation of larger-scale turbulence over the gravel bed. This 
mechanism of bed-generated turbulence has been noticed by Buffin-B£langer et 
al. (2000) and Shvidchenko et al. (2001) over gravel bed rivers resulting in 
Reynolds stresses that have different signs, revealing different vortex orientation 
(Lara et al., 2002).
In the surf zone, the turbulence can be related to the type of breaking because 
partly or even the whole mechanism for the generation of turbulence is induced 
to the breaking process. The characteristics of turbulence structure and undertow 
are different in spilling and plunging breakers. Turbulent kinetic energy is 
transported seaward under the spilling breaker. This is different from the 
plunging breaker where turbulent kinetic energy is transported landward (Ting 
and Kirby, 1994).
Therefore, more experiments with different types of breaking, different water 
depths and different sizes of gravel and mixed (gravel and sand) could help in 
understanding this behaviour of the undertow, in depth.
5.2.1.2 Comparison with other existing methods
In this section, a comparison is given with other existing formulations that 
calculate the time-averaged and depth-averaged undertow. Various authors have 
presented models for predicting cross-shore currents, especially undertow.
Kuriyama and Nakatsukasa (2000) developed a one-dimensional model which 
predicts the time- and depth- averaged undertow velocities. The model was 
calibrated with field data obtained over longshore bars at Hazaki 
Oceanographical Research Station (HORS) and it predicted well the undertow 
over the longshore bars.
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Grasmeijer and Ruessink (2003) presented a hydrodynamic model that can 
predict also the time-averaged cross-shore currents (undertow) in a parametric 
and probabilistic mode. The model was calibrated with laboratory and field 
experiments and it predicted well the undertow.
Recently, Tajima and Madsen (2006) developed a near-shore current model 
based on Tajima and Madsen*s (2002, 2003) wave and surface roller models. 
There was a generally good agreement of predicted the undertow velocity 
profiles by using the model.
Pedrozo-Acuna et al. (2006) presented an estimation of the value of the 
undertow velocity from a Boussinesq model by explicitly allowing for the higher 
velocity in the roller region of a breaking wave front (e.g. Madsen et al., 1997). 
The value of undertow Uo was written as
£ is the free surface elevation, h is the local water depth, Ua is the reference 
horizontal velocity at the elevation given by z* (Za=-0.531h, Nwogu,1993), c is 
die wave celerity and 5 is the roller thickness. The roller contribution is minimal 
(Pedrozo-Acuna et al., 2006).
The experimental data was compared with the models of Kuriyama and 
Nakatsukasa (2000) and Grasmeijer and Ruessink (2003). The model of 
Grasmeijer and Ruessink (2003) was used in parametric mode as its authors 
stated that it would give the same accuracy with a computationally quicker 
approach than the probabilistic mode. The calculation procedures of both models 
are presented in Appendix III (A3 and A4).
^ • 5-37  u° =
M—c6
where,
Eq.5-38 M = (h + 0
U, + (jZa2 -  i « 2 -  ?h + h2)) V(Vua) + 
(za + j ( h - V[V(hua)]
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Both models used the mass flux due to the wave motion and the mass flux due to 
the surface roller to estimate the undertow velocity. However, each of the 
models calculated these mass fluxes in a different way. The model of Kuriyama 
and Nakatsukasa (2000) did not include the angle of incidence; however, in the 
comparison with the experimental results, it was included. At the model of 
Grasmeijer and Ruessink (2003), the procedure of calculating the roller area was 
not described. However, in the comparison with the experimental results, the 
roller area was presented and calculated twice based on the following two 
equations:
Engelund (1981) made a simple dynamic model of a hydraulic jump, which is 
based on the depth-integrated horizontal momentum equation and gives the local 
thickness of the surface roller. Engelund assumed that the boundary between 
surface roller and the water below is a straight line. Using an analogy between 
the velocity distribution in separated diffuser flow and in the hydraulic jump, it 
was argued that the angle 6 between this boundary and the horizontal is about 
10°. With accuracy within a few per cent the roller area obtained by the model 
of Engelund (1981) can be calculated as
u 2  H /
Eq.5-39 A =
1 tan 0 4
Duncan (1981) has made measurements of rollers in waves that have been 
generated by a towel hydrofoil. Svendsen (1984b) approximated these results 
with the relation 
Eq.5-40 A = 0.9H2
The graphical presentations of the comparison of the experimental undertow 
velocities results, for all Lines and all tests, with the two models are shown in 
the following figures (the positive values represent the undertow velocities).
184
C hapter  V A nalysis o f  th e  Experim enta l Results
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92
Estimated undertow velocity (cm/s)
F igure 5-28 E stim ated  vs. M easu red  u n d e rto w  v elo c ity  (R egu lar w aves/gravel
b each  - L in e l)
92
88
84
80
76
< 72
E 68
* 6 4  
60 
56 
52 
48 
44 
40 
36 
32 
5 28l/>  ^„
s  24
5  20 
16 
12 
8 
4 
0
Engelund, 3981 — 
Svendsen, 1984b)
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92
Estimated undertow velocity (cm/s)
F igure 5-29 E stim ated  vs. M easu red  undertow  velocity  (R egu lar w aves/g ravel
beach - L ines 2 & 3)
1 8 5
C h ap ter  V A nalysis o f  t h e  E xperim enta l Results
18
■ Kuriyama 
a Kuriyama-cos0
16 eijer (Engelund, 198 L) 
eijerXSver dsen, 198 V
x  Grasrr
x“Grasrr
14
> 10
8
6
4
2
2
0
10 16 180 4 6 8 12 14
Estimated undertow velocity (cm/s)
F igure 5-30 E stim ated  vs. M easured  u n d erto w  v e lo c ity  (R eg u la r w aves/m ixed
b each- L in e l)
■  Kuriyama J --------------------------
__A_Kiiriyairia-cc^Q I_____
x  Grasmeijer (Engelund, 1981] 
Grasmeijer (Svendsen, 1984b,
XX
X  X56
X
> X
0  2 4 6 8 10 12 14 16 18
Estimated undertow velocity (cm/s)
F igure 5-31 E stim ated  vs. M easured  un d erto w  velocity  (R egu lar w aves/m ixed
beach- L ines 2 & 3)
1 8 6
C hapter  V___________________________________________ Analysis o f  t h e  Experim enta l Results
13
1IKuriy* roal—
— i  Kuriyama-cosO
> Grasnr elji
12
E ngelund, 198L 
:r (Svendsen, 19841
11
10
9
8
7
6 A*•X-j
5
4
3
2
1
0
12 130 1 2 3 4 5 6 7 8 9 10 11
Estimated undertow  velocity (cm/s)
F igure  5-32 E stim ated  vs. M easu red  u n d e rto w  v elo c ity  (R andom  w aves/gravel
b each - L in e l )
13 1 —1— i—|— |----1— -----1■ IF ---- 1—— 1—P 1— p1— — 17 1(uriyarrr8
ziz  - “aIturiyarr)a-cos0 zV/ iL C L,. ____1-1 Ol)1V s ___11 - 
•f* 1 n r~H
XI •TTTIjertEngciUTU,iztut;
Z~xlbrasmeHer (Sv»endsen. 1984b
£l°VJ* Q ,
r
/ L_J
2:
o 8 -
j z j
n _Q)
i 7o
t; a JOl °-Q / h_ —■
5 5 -
■o
_1I
0 )
A
■
■
3 4
■ > ’re X K
F
___
5  3 v V % > | j
*) J
K *
Z i
/ i
1 > > L_
3
1 -| M 1 1 4
* ]—
I ■
o - 
(
— £  
3 3l ;2 :J
p  /V 
*
Estimal
—  
5 (
:ed und
1— ^ — M
3 7 J 
lertow velocitv
1— i— 1
I < 
r (cm/s]
)
1_
10 i 1 12 i
Figure 5-33 E stim ated  vs. M easu red  un d erto w  velocity  (R andom  w aves/g ravel
beach- L ines 2 & 3)
1 8 7
C h ap ter  V___________________________________________ Analysis o f  th e  Experim enta l Results
12
11
x
10
19U
28uO
I 7
§6tr<U
%
3
■a.
[Kurlyam j*
▲ Kuriyam i-cos0  
x  <arasroei|er (Eng^iiuocCliiSl)— 
x  < irasmei er (Sver dsen, 1 J84b)
3vn
S35
2
1
0
3 5 6 7 8 9 10 11 120 1 2 4
Estimated undertow velocity (cm/s)
Figure 5-34 E stim ated  vs. M easu red  u n d erto w  ve lo c ity  (R andom  w aves/m ixed
beach - L in e l)
»  Kuriyarr a 
(uriyam a-cos9  
x  Srasmeljer (Enj lelund
jrasm eiier
0 1 2 3 4 5 6 7 8 9  10 11 12
Estimated undertow velocity (cm/s)
Figure 5-35 E stim ated  vs. M easured  undertow  velocity  (R andom  w aves/m ixed
beach- L ines 2 & 3)
1 8 8
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In Figure 5-28 to Figure 5-35, Kuriyama and Nakatsukasa (2000) stated as 
“Kuriyama” and Grasmeijer and Ruessink (2003) as “Grasmeijer”. The two 
models, and their modifications, were not estimated as accurate as it was 
expected. However, they had a good correlation with Line 1 for random waves 
for both gravel and mixed beach. In general, they overestimated the values of 
undertow velocities for Lines 2 and 3 in both regular and random wave 
conditions and for both gravel and mixed beach. In contrast with undertow 
velocities in Lines 2 and 3, undertow velocities in Line 1 were generally 
underestimated by the models (except for gravel beach-regular waves).
The model of Kuriyama and Nakatsukasa (2000) with the inclusion of the angle 
of incidence, had better correlation than the other models, with Lines 2 and 3 for 
regular wave conditions (with both mixed and gravel beach) and with Line 1 for 
random wave conditions (with both mixed and gravel beach). In general, the 
correlations of this model (Kuriyama and Nakatsukasa, 2000) with the measured 
data were poor because it was initially developed and calibrated with the 
undertow velocities measured over longshore bars and it mainly has been 
applied on barred beaches.
The model of Grasmeijer and Ruessink (2003) in relation with the equation of 
Svendsen (1984b), had better correlation with the other models, with Lines 1 for 
regular wave conditions (with both mixed and gravel beach) and with Lines 2 
and 3 for random wave conditions (with gravel beach). The model of Grasmeijer 
and Ruessink (2003), with the use of relation of Engehmd (1981), had better 
agreement that the others with Lines 2 and 3 for random wave conditions (with 
mixed beach). Despite that, this model (Grasmeijer and Ruessink, 2003) showed 
rather poor agreement with the measurements. The discrepancies may be caused 
by the use of linear wave theory to compute the mean mass transport associated 
with the organised wave motion in the model. As for this model (Grasmeijer 
and Ruessink, 2003) and the model of Kuriyama and Nakatsukasa (2000), it is 
needless to say that the predictive performance of the 2D model is poor for cases 
where 3D circulations are important.
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Nevertheless, based on a non-linear regression analysis, an attempt has been 
made to generate empirical relations and to predict much more accurate 
experimental results. These empirical relations are based on the results of the 
model Grasmeijer and Ruessink (2003). The non-linear regression has been 
fitted to the data and the proposed fits are shown by the following equations:
-Regular Waves
For gravel beach (trench) -R2=0.998
Eq.5-41 —  = -2278.898 + 6823806 + 775.664A -  6748,t70 -UGB x X2
87.836A2 -  1563.506^ + 21” * 56 + 3.224A3 + 89.543 y  + 776.899 y  + AX 
For gravel beach (uniform slope) -R2=0.999
Eq.5-42 —  = 0.333 + 2.815 ln(X) + 5.709 !n(X) 2 -  19.254 ln(X) 3 +UGB
6.966 ln(X) 4 -  0.906 ln(X) 5 -  1.215A -  0.134A2 + (4.4xlO“3)A3 + 
(2.86xlO~*)A4 -  (2 .7 2 9 x1 0 _7)A5 + AX
For mixed beach (trench) -R2=0.999
Eq.5-43 —  = -160.807 + 19.584X -  11.530X2 + 2.695X3 -UGB
0.304X4 + 0.01268X5 + ^ L 442 -  10° ^ 7°* + +
131£^64+ ax
For mixed beach (uniform slope) -R2=0.999
Eq.5-44 —  = 0.135 + 1.015 ln(X) -  1.044A + 38.768 ln(X) 2 +UGB
0.686A2 -  11.093 ln(X)A+ 1.734 ln(X) 3 -  0.13A3 + 1.902 ln(X)A2 -  
8.27 ln(X)2A + AX
-Random Waves
For gravel beach (trench) -R2=0.999
Eq.5-45 —  = -53.142 + 127.971X -  112.891X2 + 49.620X3 -UGB
11.038X4 + 0.977X5 -  1.873A + 0.0282A2 -  0.016A3 -  0.00124A4 + 
0.000155A5 + AX
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For gravel beach (uniform slope) -R2=0.998
Eq.5-46 —  = 592.981 -  -1- 2/ 02 -  178.205A + + 16.502A2 +Ugb x x*
328.302 £ -  _  0.507A3 -  15.449 y  -  150.941 p  + AX
For mixed beach (trench) -R2=0.990
Eq.5- 47 —  = 33.472 -  64.842X + 47.024X2 -  18.41X3 + 3.42X4 -
UGB
0.24IXs + 4.626A -  2.842A2 + 0.9A3 -  0.133A4 + 0.0068A5 + AX 
For mixed beach (uniform slope) -R2=0.999
Eq.5- 48 —  = 0.533 + 3.881 ln(X) -  1.553A -  10.534 ln(X) 2 -
UGB
0.382A2 + 3.182 ln(X)A -  127.824 ln(X) 3 + 0.481A3 -  9.071 ln(X)A2 + 
57.488 ln(X)2A +AX
where
U (cm/s) is the depth- and time-averaged undertow velocity with positive 
values for seaward direction,
ugb (cm/s) is the value of the output of the model of Grasmeijer and Ruessink
(2003),
X is the dimensional parameter which is equal to and
A is the dimensional parameter which is equal to ^
The parameters Dj, Db, Dt and hi are shown in Figure 5- 36. The breaking depth 
for regular waves was calculated by Eq.5-4 and for random waves by Eq.5-6. 
The above equations should be quite reliable when used within the limits of 
applicability.
The graphical presentations of the comparison of the experimental depth- and 
time-averaged undertow velocities results, for all Lines and all tests, with the 
proposal equations (Eq.5-41 to Eq.5- 48) are shown in Figure 5- 37 to Figure 5- 
44 (the positive values represent the undertow velocities). In these figures 
Eq.5-41 to Eq.5- 48 show a generally good agreement with the experimental
data.
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+ve
Still w ater level
Breaking point
Figure 5- 36 Schematisation of the components of A and X 
where,
hi (m) is the local water depth,
Dt (m) is the distance between the breaking point and the point of interest
Db (m) is the distance from the point, where the local water depth is equal to the still water level, to the breaking point 
Di (m) is the distance from the point, where the local water depth is equal to the still water level, to the point of interest
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5.2 .2  L o n g -s h o re  C u r r e n ts
T h e  long -sh o re  cu rren ts  in th e  s u r f  zo n e  are stronger than  the cro ss-sh o re  
cu rren ts . U n like  to  c ro ss-sh o re  cu rren ts , th e  ve loc ities  o f  the long-sho re  cu rren ts  
are  re la tiv e ly  co n stan t o v er d ep th  (V isse r , 1991; B riand  and K am phu is, 1993) 
and  they  decay  rap id ly  seaw ard s o f  th e  b reak ers . T hese  curren ts are g enerated  by  
rad ia tio n  stress (ex cess  lo n g -sh o re  m o m en tu m  flux) due to  the long-shore  
co m p o n en t o f  the  w ind  and the d ecay  o f  o b liq u e ly  incident w aves. In add ition  to 
w av es, the long -sh o re  cu rren t can  be g en e ra ted  by  the  tidally  induced  long-shore 
g rad ien t in the m ean  w a te r level.
A s fa r as an  irreg u la r w av e  field  is co n ce rn ed , the  w aves b reak  at d iffe ren t c ro ss­
sho re  locations w h ich  resu lts  in th is  m o m en tu m  inpu t to sp read  in the c ro ss­
sho re  d irec tio n  p ro v id in g  a n a tu ra l sm o o th in g  o f  the  forcing. T he long-shore 
cu rren t v e lo c ity  d is trib u tio n  can  b e  c o m p u ted  from  the w av e-av erag ed  and 
d ep th -in teg ra ted  lo n g -sh o re  m o m en tu m  eq u a tio n  by  g iv ing  the cross-sho re  
d is trib u tio n  o f  the fo rc in g  due to  the  b re ak in g  w av es (F igu re  5-45).
planview
longshore
current
shore
breaker regionincident waves
shoaling waves breaking waves
side view
F igure  5-45 S chem atic  d iag ram  o f  lo n g sh o re  m om entum  b alan ce  (taken  from
G rasm eije r, 2000)
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Chapter V Analysis of the Experimental Results
A long-shore force R* on the water column is induced by the excess long-shore 
momentum flux, and it is balanced by a shear force T which is brought about by 
a long-shore directed current velocity. The wave breaking produces a turbulence 
kinematic energy which brings momentum in the form o f a roller. The 
dissipation o f this roller is the reason that the mean flow forcing occurs. 
Svendsen (1984b) was the first to suggest the concept o f this wave roller, which 
represents a region o f intense turbulence that lies on and is advected with the 
steep face o f  the breaking waves. Thus, shoreward shifts in current forcing 
patterns can be brought about by the advection o f  the roller (Grasmeijer, 2000).
5.2.2.1 Analysis o f the experimental results (long-shore currents)
The long-shore currents that were produced by the wave breaking during the 
experiment were analysed and can be observed from the two-dimensional 
presentation o f the long-shore currents in Figure 5-46 to Figure 5-55, for all the 
tests : Testi-Test 4 (gravel beach-Regular waves), Test 5-Test 6 (gravel beach- 
Random waves), Test 7 -  Test 8 (mixed beach -R egular waves) and Test 9 -  
Test 10 (mixed beach -  Random waves). The direction o f Vx corresponded to 
the direction o f the longshore component o f  the incoming wave.
In general, the direction o f the long-shore currents corresponded to the incoming 
wave direction. The direction o f the long-shore currents at the trench, close to 
the breaking, has shown a general trend o f  a return long-shore flow. This 
behaviour might be caused due to turbulence generated on the trench after 
breaking or even due to reflection waves at the trench. An important reason o f 
this return long-shore flow could be the irregularity o f the beach profile at the 
trench. Moreover, this return long-shore flow can be seen partly (before the 
breaking point) at all the lines for both Test 1 and Test 2.
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Figure 5-46 T w o-d im ensional p resen ta tion  o f  the long-shore currents during  T est 1 (plan view  o f  the beach)
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Figure 5-47 T w o-d im ensional p resen ta tion  o f  the long-shore currents during T est 2 (plan v iew  o f  the beach)
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Figure 5-48 T w o-d im ensional p resen tation  o f  the long-shore currents during  T est 3 (plan v iew  o f  the beach)
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Figure 5-49 T w o-d im ensional p resen ta tion  o f  the long-shore currents during T est 4 (p lan  view  o f  the beach)
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Figure 5-50 T w o-d im ensional p resen tation  o f  the long-shore currents during T est 5 (p lan  view  o f  the beach)
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Figure 5-51 T w o-d im ensional p resen tation  o f  the long-shore currents during T est 6 (plan view  o f  the beach)
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Figure 5-52 T w o-dim ensional p resentation  o f  the long-shore currents during Test 7 (plan view  o f  the beach)
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Figure 5-53 T w o-d im ensional p resen tation  o f  the long-shore currents during T est 8 (p lan  view  o f  the beach)
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Figure 5-54 T w o-d im ensional p resen tation  o f  the long-shore currents during T est 9 (plan view  o f  the beach)
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Figure 5-55 T w o-d im ensional p resen tation  o f  the long-shore currents during T est 10 (plan view  o f  the beach)
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Chapter V Analysis of the Experimental Results
Visser (1991) identified a type of such a recirculation in six different types of 
wave basins as he was investigating the long-shore currents for regular waves. 
Nevertheless, this recirculation was only identified in the first two tests of the 
experiment and not in all the tests, giving the impression that it could only be 
seen for the specific wave conditions of Test 1 and Test 2. By observing the 
beach profile changing in these tests, for all lines, the creation of bars can be 
detected in Test 1 whereas in Test 2 bars were diminished. Thus, at Test 2 the 
recirculation was decreased compared to Test 1. The wave conditions in the first 
two tests were large and the breaking of the waves built up barred profiles and 
caused irregularities in the beach profile along the beach. This might have also 
created rip channels.
The irregular beach profile and the oblique waves might cause a wave-driven 
circulation current. A long-shore driving force similar to the conditions on a 
uniform coast will be exerted on the bar for waves that break, resulting in a 
creation of long-shore current on the bar. The long-shore current velocity could 
be strongly modified by the shoreward flux over the bar, and part of its long­
shore momentum will be transferred to the flow in the trough. The flow in the 
trough, might locally be stronger or weaker than the long-shore flow over the 
bar, might feed the seaward flow in the rip channel and might go locally against 
the direction corresponding to the incoming wave direction (Fredsoe and 
Deigaard, 1995).
5.2.2.2 Comparison with the model of Longuet-Higgins (1970a and b)
Various researchers have studied the mechanism of the formulation of a long­
shore current. In general, there are three different points of view that could study 
this mechanism: continuity, energy and momentum (Chien and Wan, 1999).
The continuity approach combines the long-shore current and rip currents, where 
the water mass moved by the former goes back to the sea through the latter. This 
approach is not adequate, due to the fact that recent studies have shown these
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currents are generated by different mechanisms. The variation of wave height 
along the coastline affect the generation of the rip currents.
The energy approach suggests that, the long-shore currents are produced by the 
component of wave energy along the coastline which is dissipated by friction on 
the bottom during movement. This approach is not as satisfactory as the one that 
follows, because as the waves break, a portion of the wave energy is dissipated 
whereas the momentum remains unchanged. As a result, the momentum 
approach has been chosen to calculate the velocity of the long-shore current.
Longuet-Higgins (1970a and b,) derived in a widely used expression for 
estimating the velocity of the long-shore current, by using the momentum 
approach. The first solution of this expression had the form of (Dean and 
Dalrymple, 2002):
Eq.5-49 V(x) = ( ^ 1 )
where,
k is the breaker index (=  m* is the modified slope —^ 7^, 0 is the
incident wave angle, c is the wave celerity (= ^/g(d + rj)), d is the water depth, 
rj is the wave set-up and f is the empirical Darcy-Weisbach friction factor with a 
form of:
Eq.5-50 f = 2 |
where, C is the Chezy coefficient of the form:
Eq.5-51 C = 1 8 1 o g ^
where, h is the water depth and ks is Nikuradse roughness (k^Dpo, Van 
Rijn,1993).
The equation applies within the surf zone, resulting in increasing velocity out to 
the breaker line and then the velocity is zero offshore. Eq.5-49 is valid for any 
monotonic beach profile when the lateral shear stress terms are negligible.
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However, Eq.5-49 lacks the lateral shear stress, which could tend to smooth the 
breaker line discontinuity, which is not evident in laboratory experiments
(Galvin and Eagleson, 1965). The second expression of Longuet-Higgins
included a lateral shear stress term with an eddy viscosity of the form:
Eq.5-52 £v = Nx^/gh
where, N is a constant with a typical approximation of about 0.016 (Greenwood 
and Sherman, 1986), h is the water depth and x is the distance offshore. The 
analysis of Longuet-Higgins yielded the following form of the long-shore 
current, which is non-dimensionalised by the values at the breaker line, X=x/xb 
and Vo=V(xb), given by Eq.5-49 :
v f B a X ^ + A X ,  f o r O < X < l
v0 lB2XP2, for X > 1
where the coefficients and powers are 
Eq.5-54 Bj =
V pi-p2/
Eq.5-55 B2 = AVpi-p2/
Eq.5-56 Pl = - l  + J ( ±  + i )
Eq.5-57 p2 = - l - J ( ±  + ±)
Eq.5-58 A = t-V t
JF¥)
P is the variable that represents the ratio of the eddy viscosity to the bottom 
friction and having the following expression (Dean and Dalrymple, 2002):
For P=0, the results will be the same as Eq.5-49 and for P=2/5 the following 
expression is applied:
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E q.5-60
v H x - ^ x i n X .  
2£ v~f
4 9 *  ’
fo r  0  <  X <  1 
fo r  X >  1
T he second  expression  o f  L o n g u e t-H ig g in s  (1970a and b) w as com pared  w ith  
the m easu red  dep th- and tim e-av e rag ed  lo n g -sh o re  curren t velocities. H ow ever, 
E q .5 -49  w as substitu ted  by E q .5 -19 as it w as prev iously  proved to give m ore 
accu ra te  results. T he g raph ical p re sen ta tio n s  o f  the com parison o f  the 
experim en ta l dep th - and  tim e-av e rag ed  lo n g -sh o re  curren t velocities results, for 
all L ines and  all tests, w ith  the seco n d  ex p ress io n  o f  L onguet-H igg ins are show n 
in F igure 5-56 to  F igure 5-67 (th e  p o sitiv e  v alues represen t the d irection  o f  the 
incom ing  w aves). T he red  and  g reen  line correspond  to the graphical 
p resen ta tio n  o f  the equa tion  y= x  and  y = -x  resp ec tiv e ly . T est 1 and T est 2 w ere 
no t included  in th is com parison .
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Figure 5-58 E stim ated  vs. M easu red  long-shore  curren t velocity  (R eg u lar 
w av es/m ix ed  beach  - L in e l)
2 1 3
C hapter  V Analysis o f  th e  Experim enta l Results
i  ►
ao
Estimated long-shore current velocity (cm/s)
F igure 5-59 E stim ated  vs. M easu red  lo n g -sh o re  curren t velocity  (R egular 
w av es/m ix ed  b each  -  L ines 2&  3)
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Figure 5-60 E stim ated  vs. M easu red  long-shore  curren t velocity  (R egu lar 
w av es/g rav e l &  m ixed  beach  -  L ine 1)
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Figure 5-61 E stim ated  vs. M easu red  lo n g -sh o re  cu rren t velocity  (R egu lar 
w aves/g rave l &  m ix ed  b each  -  L ines 2&  3)
♦  Longuet- Higgins (1970)
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F igure  5-62 E stim ated  vs. M easu red  long-shore  curren t velocity  (R andom
w av es/g rav e l beach  - L in e l)
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Figure 5-63 E stim ated  vs. M easu red  lo n g -sh o re  cu rren t velocity  (R andom  
w av es/g rav e l b ea ch  -  L in es  2 & 3)
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F igure 5-64 E stim ated  vs. M easu red  lon g -sh o re  cu rren t velocity  (R andom
w av es/m ix ed  beach  - L in e l)
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F igure 5-65 E stim ated  vs. M easu red  lo n g -sh o re  cu rren t velocity  (R andom  
w av es/m ix ed  b ea ch  -  L ines 2 & 3)
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Figure 5 -66  E stim ated  vs. M easu red  long-sho re  curren t velocity  (R andom  
w av es/g rav e l & m ixed  beach- L ine 1)
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E stim a ted  lo n g -sh o r e  cu rren t v e lo c ity  (c m /s )
F igure 5-67 E stim ated  vs. M easu red  lo n g -sh o re  cu rren t velocity  (R andom  
w aves/g ravel & m ix ed  b ea ch  -  L ines 2 &  3)
T he second  approach  o f  L o n g u e t-H ig g in s  (1 9 7 0 a  and  b) has show n that it could 
not estim ate  the depth- and tim e -av e rag ed  lo n g -sh o re  curren t velocities further 
from  b reak ing  poin t (seaw ards) accu ra te ly . D esp ite  the fact that this approach is 
app lied  fo r un ifo rm  slope, it is a lso  u se fu l in  es tim atin g  the long-shore current 
velocities, at the trench , c lose to  the b re ak in g  poin t. M oreover, from  the figures, 
it can  be seen that there are few  lo n g -sh o re  cu rren ts  w ith  opposite  d irection  o f  
the incom ing  w aves. T hey  m igh t b e  cau sed  due to  local turbulence, irregularity  
o f  the beach  o r from  the sam e reaso n s p resen t in T est 1 and T est 2. Further 
experim en ts are needed  in  o rd e r to  h av e  a m ore  accurate  explanation  o f  this 
b eh av io u r o f  the curren ts.
B ased  on the experim en tal resu lts  o f  T est 3 to  T est 10, a non-linear regression  
analysis is used  in o rder fo r new  eq u a tio n s  fo r p red ic tion  o f  long-shore current 
v elocities  to be p roposed . T h ese  eq u a tio n s  are m odifications o f  the second 
approach  o f  L o nguet-H igg ins (1970). T h e  eddy  v iscosity  used in producing  the
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new equations is the same with Eq.5-55. For the regression analysis, the 
locations with the reverse flow of the long-shore current at the uniform slope 
have not been used, in contrast with the trench where they have been used. The 
proposed equations are:
-Regular Waves
For trench- Eq.5-61 :
For 0<X<1
^ -=  BjXPl + AX 
*0
For X>1 (R2=0.781)
^ - =  —101705.154 
*o
+ 18.494 ln(X) -  37.546 ln(X) 2 + 35.384 ln(X) 3
c 665.386 1.733-  15.066 ln(X) 4 + 2.341 ln(X)s + ----   ~r ~
2.24xl0-3 1.45xl0“ 4 3.71xlO~10
p3 p 4  p5
For uniform slope- Eq.5-62 :
For 0<X<1 (R2=0.861)
— = 70174.738Z3 -  169318.731Z2 + 135695.725Z -  36105.255
Vo
For X>1 (R2=0.998)
V 860.318 1.01 339.42 1.6 6 x l0 " 3 2.196 100.535
— -  -177.316 -  + —  )(2 pi + “ xp x3
8.42xl0-7 1.43xl0“ 3 0.52
+ P3 XP2 + X2P
-Random Waves
For trench- Eq.5-63 :
For 0<X<1 (R2=0.999)
— = —5152513.157Z7 + 25185233.7Z6 -  52369077.84Z5 
»o
+ 60030146.93Z4 -  40955313.23Z3 + 16624677.17Z2 
-  3716458.238Z + 352848.033
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For X>1 (R =0.675)
V _   1047.845 264.861
— = 820.091------------   1169474.046P + — —  + 542259155.4P2Vq X
P 20.06
+ 1099136.529 -  -  — j------81322770544P3
P2 P
-  2 8 4 9 3 9 9 0 4 .4 y  -  1 4 2 0 4 1 .1 7 8 -^
For uniform slope- Eq.5-64 :
For 0<X<1 (R2=0.807)
^ - = 80196.904 -  1089.686X + 3431.418X2 -  5304.364X3 + 4022.446X4 
vo
-  1198.603X5 -  291109103.436P+ (4.21469xl0u )P2
-  (3.03686x1014)P3 + (1.08894236469046xl017)P4
-  (1 .5 5 4 6 0 8 1 5 1 0 5 3 3 4 x1 0 19) P s
For X>1 (R2=0.665)
V 70.557 0.109 54.862 3.16xl0“4 0.317 4.202
— -  -8.869 -  + —  p2 + _ XP W
2.65xl0~7 3.38xl0-4 0.102
+ P3 XP2 + X2P
where,
Z =  BiXPi +  AX
The graphical presentations of the comparison of the experimental depth- and 
time-averaged long-shore current velocities results, for all Lines and all tests, 
with the modified second expression of Longuet-Higgins are shown in Figure 5- 
68 to Figure 5-71 (the positive values represent the direction of the incoming 
waves). For trench- Eq.5-61 to For uniform slope- Eq.5-64 shows a good 
agreement with the experimental results. They should be quite reliable when 
used within the limits of applicability.
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5.3 PR O FILE R E SP O N SE  (C om parison with existing  
m ethods)
Empirical relationships and/or profile models might be used for estimating beach 
profile changes and for preliminary design purposes. Some of these are available 
as computational models on PCs. BREAKWAT and SHINGLE are the most 
widely used models which give the most comprehensive empirical relationships 
(Simm et al., 1996). BREAKWAT created by Van der Meer (1988) and 
SHINGLE by Powell (1990,1993). Both of the models are mainly predicting the 
development of gravel beach profiles. However, SHINGLE has also the ability 
to predict the profile response of beaches with dissimilar sediments (Powell, 
1993). Details of these two models, including their limitations, are described in 
Appendix III (A5 and A6).
By considering the limitations of both models, it concluded that the lab 
experiments in Hannover were out of the range of applicability of BREAKWAT. 
As a result, only SHINGLE was used to be compared with the experimental 
results. SHINGLE is based on a normal incident wave height; however during 
the laboratory tests, a wave angle was used. Due to the fact that the wave angle 
was small, SHINGLE can be used with caution. SHINGLE was applied for both 
gravel and mixed beaches, but only for random wave conditions as it was 
developed for only these conditions.
5.3.1 Gravel Beach
SHINGLE was applied for random wave conditions; therefore the predicted 
profile was compared with the measured profile for Tests 5 and 6 . The results 
are shown in Figure 5-72 to Figure 5-77. In general, the prediction of the 
parameters did not show a good agreement with the measured parameters. In 
details:
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Start o f the beach: SHINGLE did not predict accurately the position of the start 
of the beach; it predicted it more seawards compared with the measured position. 
At the uniform slopes (Lines 2 and 3), SHINGLE underestimated the elevation 
of the start of the beach initially, but overestimated for longer wave periods. At 
the trench (Line 1) there was an opposite pattern; initially SHINGLE 
overestimated the elevation of the start of the beach base but underestimated for 
longer wave periods.
Step: SHINGLE gave satisfactory prediction for the position of the step. 
However, the elevation of the step was initially underestimated but 
overestimated for longer wave period.
Crest: The position and the elevation of the crest could not be predicted by 
SHINGLE. The elevation was always overestimated and the position was moved 
landwards compared with the measured position.
End o f active profile: The end of the active profile varied between the Lines and 
the Tests. SHINGLE could not either predict the location or the variation of the 
end of active profile as it shown from Figure 5-72 to Figure 5-77.
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F igure  5-72 E stim ated and m easured  b each  p ro file  (L ine 1- T est 5)
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F igure 5-73 Estim ated  and m easured  beach  profile (L ine 1- T est 6)
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Figure 5-75 E stim ated  and m easu red  beach  profile (L ine 2- T est 6)
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5J.2 Mixed Beach
SHINGLE model was not used before for predicting the profile of mixed beach. 
However, it was used here due to the fact that SHINGLE is a widely used 
predicting model for gravel beaches and also includes estimation of beach 
profiles with dissimilar sediments.
The estimated profile was compared with the measured profile for Tests 9 and 
10. The results are shown in Figure 5-77 to Figure 5-82. It can be observed that 
the prediction was not satisfactory. The prediction of the parameters did not 
show a good agreement with the measured parameters. Interesting was the fact 
that SHINGLE model compared more accurately with the mixed beach results 
than with the gravel beach results. In detail:
Start o f the beach: SHINGLE did not predict accurately the position of the start 
of the beach. It predicted it more seawards than the measured position of the 
start of the beach. Moreover, the elevation of the start of the beach was 
underestimated for all the Lines.
Step: The position of the step was predicted quite accurately. However, the 
elevation of the step was usually overestimated.
Crest: The position and the elevation of the crest could not be predicted by 
SHINGLE. The elevation was always overestimated and the position of the crest 
was often moved landwards compare with the measured position.
End o f active profile: The end of the active profile varied between lines and also 
between tests. SHINGLE could not either predicted the location or the variation 
of the end of active profile as it shown from Figure 5-77 to Figure 5-82.
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Figure 5-81 E stim ated  and m easured  beach  profile (L ine 2- T est 10)
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5.4 Step and Berm  elevation
The two empirical methods that were used to compare with the experimental 
results are based on the prediction of the step and berm elevation. However, 
these two empirical methods were tested for sandy beaches. Here, their 
applications on gravel and mixed beaches have been tested.
5.4.1 Step Elevation
A step profile formed by waves of low steepness and associated with beach 
accretion. The beach step is the final breaking point of waves before they rush 
up as swash on to the beach face (Figure 5-84). Because this is a high energy 
environment sediment, along the beach step is typically coarse grained.
Break
point
Crest
SWL
Figure 5-84 Schematic diagram of step (taken from Powell, 1990)
Short (1999) proposed an empirical relationship for the elevation of the step for 
reflective beaches based on field and laboratory data:
Eq.5-65 zstep = Cy/H^TW^ 
where,
the proposed parameter was C=0.55 
Hb= the breaking wave height
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Ws=the fall velocity
Short’s measurements are within the following limits, in terms ofy/HbTWs:
■ 0.04 to 0.2 for laboratory measurements
■ 0.25 to 3 for field measurements
With range of applicability^/HbTWS = 0.0096 to 0.023, Lopez de San Roman- 
Blanco (2003), by investigating the behaviour of mixed and gravel beach with 
normal incident wave height, proposed the parameter to be:
■ C=0.8315 (R2=0.70) for both sets of data, gravel and mixed beach
■ C=0.8457 (R2=0.70) for the mixed beach data
■ C=0.8194 (R2=0.73) for the gravel beach data
A comparison of the predicted (Eq.5-65) and the measured step elevation (from 
the experimental results) has been carried out. In contrast with the results of 
Lopez de San Roman-Bianco (2003), the step elevation was overestimated. The 
laboratory measurements were within the field limits, in terms of 0.30 to 0.67 
which were in the limits of the data used by Short (1999) to derive Eq.5-65.
The fall velocity calculated as recommended by Ahrens (2003), where the 
breaking wave height, for regular waves, calculated as recommended by 
Rattanapitikon and Shibayama (2006) and for random waves calculated as 
recommended by Goda (1985). The proposed coefficients (C) based on the best 
fit line of step measurements data shown in Figure 5-85 to Figure 5-88. 
Therefore, the proposed coefficients of the Eq.5-65 for both regular and random 
waves are:
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Regular Waves:
Trench
■ 0=0.5 (R2=-4.8) for both sets of data, gravel and mixed beach
■ 0=0.662 (R2=0.87) for the mixed beach data
■ 00.465 (R2=-4.41) for the gravel beach data
Uniform slope
■ 0=0.364 (R2=0.41) for both sets of data, gravel and mixed beach
■ 00.472 (R2=-19.39) for the mixed beach data
■ 00.341 (R2=0.62) for the gravel beach data
Random Waves:
Trench
■ 00.374 (R2=-l .91) for both sets of data, gravel and mixed beach
■ 00.473 (R2=-5.67) for the mixed beach data
■ 00.299 (R2=-2.93) for the gravel beach data
Uniform slope
■ 0=0.362 (R2=0.1) for both sets of data, gravel and mixed beach
■ 00.412 (R2=0.99) for the mixed beach data
■ 00.322 (R2=0.17) for the gravel beach data
It can be seen a similarity of the results of the measured step elevation for 
uniform slope for both regular and random wave conditions. This similarity 
might be related with the fact that the slopes and the wave energy were similar 
for both tests of regular and random waves. The results from the trench did not 
show any similarity between both wave conditions. However, for both trench 
and uniform slope the step elevation of the mixed beach was higher than the step 
elevation of the gravel beach, which is more likely due to effect of the present of 
the sand in the mixed beach.
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GRAVEL
A  MIXED
F igure 5-85 Step e leva tion  m easu rem en ts  as a function  o f  w ave conditions
(T ren ch -R e g u la r  w av es)
Short 1999
G R A V E L
* MIXED
C = 0 .55
C = 0.341
(HbTW )°5 (m)
F igure 5-86 Step e lev a tio n  m easu rem en ts as a function  o f  w ave conditions 
(U n ifo rm  slope-R egu la r w aves)
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Short (1999)
GRAVEL
▲ MIXED
0.4288 0 .4 7 8 8
(HbTWs)0 5 (m)
F igure  5-87 Step elevation  m easu rem en ts  as a fu n c tio n  o f  w ave conditions
(T rench-R andom  w av es)
Short (1999)
GRAVEL
> MIXED
F igure 5-88 Step e leva tion  m easu rem en ts as a function  o f  w ave conditions 
(U n ifo rm  slope-R andom  w aves)
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5.4.2 Berm Elevation
B each  berm  is defined  as a n ea rly  h o rizo n ta l shore parallel b erm  form ed  on  the  
b each  due to  the landw ard  tran sp o rt o f  the  co arsest fraction  o f  the  beach  m ateria l 
by  the  w ave uprush  (F igure  5-89). T h e re  m ay  be several beach  berm s and  in 
som e cases no berm s. U n d er n o rm al co n d itio n s  a beach  berm  is form ed on the 
u p p er part o f  the foreshore, and  o v er th e  b ack sh o re  du ring  severe events.
F igure  5-89 S chem atic  d iag ram  o f  berm
T akeda  and S unam ura (1982) p ro p o sed  an  em p irica l re la tio n sh ip  fo r the 
e leva tion  o f  the berm  g row th  based  on  field  and  lab o ra to ry  data:
E q .5 -66  Bh = C(Hb)t(gT2)! 
w here ,
the p roposed  p aram ete r w as C =0.125 
Hb= the b reak ing  w ave he igh t
T akeda  and S unam ura (1982) m easu rem en ts  are  w ith in  the fo llow ing  lim its, in
5 *> 3 
term s o f  (H b)s (g T 2)8:
■ 0.3 to  2 fo r labo ra to ry  m easu rem en ts
■ 5 to  25 fo r field  m easu rem en ts
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With range of applicability(//6)^(gT2)e = 1.6 to 4.5, Lopez de San Roman- 
Blanco (2003), by investigating the behaviour of mixed and gravel beach with 
normal incident wave height, proposed the parameter to be:
■ C=0.8315 (R2=0.76) for both sets of data, gravel and mixed Beach
■ 00.8457 (R2=0.92) for the mixed beach data
■ 00.8194 (R2=0.84) for the gravel beach data
A comparison of the predicted (Eq.5-66) and the measured berm elevation (from
the experimental results) has been carried out. The results show that the berm 
elevation was overestimated for regular wave conditions and underestimated for 
random wave conditions. The laboratory measurements were within the limits, 
in terms of 0.95 to 2.40 which were in the limits of the data used by Takeda and 
Sunamura (1982) to derive Eq.5-66.
The breaking wave height for regular waves calculated as recommended by 
Rattanapitikon and Shibayama (2000, 2006) and for random waves calculated as 
recommended by Goda (1985). The proposed coefficients (C) based on the best 
fit line of berm measurements data shown in Figure 5-90 to Figure 5-93. 
Therefore, the proposed coefficients of the Eq.5-66 for both regular and random 
waves are:
Regular Waves:
Trench
■ C=0.12 (R2=-0.38) for both sets of data, gravel and mixed Beach
■ C=0.658 (R2=0.76) for the mixed beach data
■ C=0.118 (R2=-0.94) for the gravel beach data
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Uniform slope
■ C=0.08 (R2=0.54) for both sets of data, gravel and mixed Beach
■ C=0.089 (R2=0.74) for the mixed beach data
■ C=0.078 (R2=0.53) for the gravel beach data
Random Waves:
Trench
■ 0=0.107 (R2=-0.94) for both sets of data, gravel and mixed beach
■ 0=0.121 (R2=-3.67) for the mixed beach data
■ 0=0.093 (R2=87) for the gravel beach data
Uniform slope
■ 0=0.144 (R2=0.26) for both sets of data, gravel and mixed Beach
■ C=0.157 (R2=0.65) for the mixed beach data
■ 0=0.13 (R2=-0.05) for the gravel beach data
It can be seen that there is not any similarity of the results of the measured berm 
elevation either for uniform slope or for trench for both regular and random 
wave conditions. The results show that for regular waves, the berm elevation for 
the trench was higher than for uniform slope whether for random waves it was 
the opposite.
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F igure  5-90 B erm  elevation  m easu rem en ts  as a function  o f  w ave conditions
(T ren ch -R eg u la r w aves)
GRAVEL
Takeda and Sunamura
H b5 / 8 ( g T 2 ) 3 /8 ( m )
F ig u re '5-91 B erm  elevation  m easu rem en ts as a function o f  w ave conditions 
(U n ifo rm  slope-R egu lar w aves)
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GRAVEL
* MIXED
Takeda and Sunamura 
(1982)
Hbs/“(gT2)3/s (m)
F igure 5-92 B erm  elevation  m easu rem en ts as a  fun c tio n  o f  w ave conditions
(T ren ch -R an d o m  w av es)
GRAVEL
> MIXED
Takeda and Sunamura
(1982)
Figure 5-93 B erm  eleva tion  m easu rem en ts  as a function  o f  w ave conditions 
(U n ifo rm  slope-R andom  w aves)
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5.5 SED IM EN T B A L A N C E
The sediment balance of the three lines is investigated here in two stages:
1. Total Sediment Balance
2. Sediment Balance below and above SWL
In both stages the figures presented the sediment balance along each Line, 
individually, from the beginning to the end of each Test, for gravel and mixed 
beach, respectively. The following figures were calculated for each test, and 
shown in the tables;
• Accretion: indicates total positive volumetric change along each line
• Erosion: indicates total negative volumetric change along each line
• Total: indicates total volumetric change along each line (sum of 
Accretion and Erosion)
• Difference (%): indicates the relative difference between the 
accretion and erosion. It also accounts for the conservation of 
sediment volume and therefore gives an idea of the amount of 
compaction and settlement that occurred in each line and test. This 
parameter is calculated by:
Eq.5-67 Difference (%) = Accretion ~Erosion xioo
^  Total
The volumetric change is calculated by the difference, between the area of the 
line at the beginning of the test and the area of the line at the end of the test, 
multiple by meter per meter.
It is important to find out if gravel acts like a filter for sand or not. The filter 
acts like a barrier for the fine material preventing it to pass through the voids of 
the filter. Based on the soil category “for sand and gravels”, the filter criteria by 
USBR (1994) was D15F < 4D85fl, where Di5f indicates the grain size diameter 
of the filter where 15% by weight of the soil particles are smaller in diameter, 
and Dg5B indicates the grain size diameter where 85% of the base or filter soil is
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smaller in diameter. For the current experiment D i5F=16.66m m  >  
4*Dg5B=2.4mm. This shows that gravel did not act as a filter for sand.
5.5.1 Total Sediment Balance
The results for the total sediment balance investigation are listed in Table 5-35 
and Table 5-36 and are shown in Figure 5-94 to Figure 5-96. Despite the fact 
that the number of waves between each test is different, it will not change the 
trend of the parameters.
Table 5-35 Total Sediment Balance of Line 3 and Line 2
Line 3 Line 2
Accretion
(m*)
Erosion
(m1)
Total
(in’)
Difference
<%)
Accretion
(m3)
J«jT
8*
UJ Total
(in’)
Difference
(%)
Test 1 0.04 0.1775 0.2175 -63.22 0.0001 0.3383 0.3384 -99.94
Test 2 0.1163 0.2348 0.3511 -33.75 0.0627 0.0822 0.1449 -13.46
Test 3 0.0643 0.0063 0.0706 82.15 0.0323 0.0206 0.0529 22.12
Test 4 0.0103 0.0194 0.0297 -30.64 0.0298 0.0189 0.0487 22.38
Test 5 0.0643 0.0312 0.0955 34.66 0.0716 0.0238 0.0954 50.10
Test 6 0.0601 0.3408 0.4009 -70.02 0.0348 0.0742 0.109 -36.15
Test 7 0.1049 0.011 0.1159 81.02 0.013 0.0827 0.0957 -72.83
Test 8 0.0122 0.0712 0.0834 -70.74 0.0479 0.0318 0.0797 20.20
Test 9 0.0634 0.1098 0.1732 -26.79 0.0361 0.0814 0.1175 -38.55
Test 10 0.0297 0.0893 0.119 -50.08 0.0498 0.0676 0.1174 -15.16
Table 5-36 Total Sediment Balance of Line 1
Line 1
Accretion
(m3)
Erosion
(m*)
Total
(m3)
Difference
(%)
T estl 0.0592 0.0327 0.0919 28.84
Test 2 0.1016 0.1122 0.2138 -4.96
Test 3 0.0623 0.0052 0.0675 84.59
Test 4 0.0192 0.0294 0.0486 -20.99
Test 5 0.0584 0.0242 0.0826 41.40
Test 6 0.2307 0.0386 0.2693 71.33
Test 7 0.0304 0.0497 0.0801 -24.09
Test 8 0.069 0.018 0.087 58.62
Test 9 0.0436 0.0742 0.1178 -25.98
Test 10 0.1063 0.0482 0.1545 37.61
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F igure 5-94 Total Sedim ent B alance o f  L ine 3
i
F igure 5-95 T otal Sedim ent B alance  o f  L ine 2
2 4 4
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F igure 5-96 T otal Sedim ent B alance o f  L in e  1
R egard ing  profile  change fo r the g ravel b each  (T est 1 to T est 6):
L in es  2 a n d  3
L ines 2 and 3 had  the sam e pa tte rn  re la tin g  to  the accre tion  and  erosion  at each 
test. W hen L ine 3 had m ore erosion  th an  accre tio n , L ine 2 h ad  the sam e pattern  
(excep t in T est 4). T here w as not an y  sign  o f  long-shore  sed im ent transport 
from  L ine 3 to L ine 2. In general, the p a tte rn  o f  to tal vo lum etric  change o f  L ine 
2 increased  in m agnitude in  re la tio n  to  th e  w av e  steepness w here o f  L ine 3 
decreased  (excep t at T ests 5 and 6). L in e  3 had  the h ighest accretion  at T est 2 
w here L ine 2 at T est 5. L ine 3 had  the  h ig h est erosion  and total vo lum etric 
change at T est 6 w here L ine 2 at T es t 1. O n ly  at T est 5 both L ines had alm ost 
the sam e to tal vo lum etric  change.
L in e  1
T he pattern  o f  the to tal vo lu m etric  change  o f  L ine 1 o ften  decreased  in 
m agnitude in re la tion  to the w ave s teepness (except T est 3 and 4). The h ighest 
accre tion  o f  L ine 1 w as at T est 6 w h e re  the h ighest erosion  w as at T est 2 .By 
com paring  L ine I w ith  L ines 2 and  3 a pattern  o f  long-shore sed im ent transport
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from Line 3 to Line 1 at Test 4 can be identified. The amount of erosion at Line 
3 and Line 2 at Test 4 was almost the same with the amount of the accretion of 
Line 1 for the same test.
Regarding profile change for the mixed beach (Test 7 to Test 10):
Lines 2 and 3
At Mixed Beach, Line 2 and 3 had different pattern relating to the accretion and 
erosion only at Tests 7 and 8 . There was a sign of long-shore sediment transport 
between the lines at Test 7 where the amount of erosion at Line 3 was almost the 
same with the amount of accretion of Line 2 for the same test. Moreover, the 
pattern of the total volumetric change of both lines increased in magnitude in 
relation to the wave steepness. The highest accretion at Line 3 was at Test 7 
where Line 2 at Test 10. Line 2 had in general low accretion compared to the 
erosion at each Test (except Test 8). The highest erosion for Line 3 was at Test 9 
where for Line 2 was at Test 7. Furthermore, at Test 9 there was the highest total 
volumetric change for both lines. Both lines had similar total volumetric changes 
at Test 10.
Line 1
The pattern of total volumetric change of Line 1 for gravel beach was the same 
in Mixed Beach. It decreased in magnitude in relation to the wave steepness. The 
highest accretion of Line 1 was at Test 10 where the highest erosion was at Test 
9. At Line 1, the amount of erosion was often more than the amount of accretion 
of each test (except Test 8). The highest total volumetric change of Line 1 was at 
Test 10. By comparing Line 1 with Lines 2 and 3, a pattern of long-shore 
sediment transport from the lines to Line 1 could not be identified.
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5.5.2 Sediment Balance below and above SWL
The results for the sediment balance below and above Still Water Level (S.W.L.) 
investigation are listed in Table 5-37 to Table 5-40. Table 5-36 and are shown in 
Figure 5-97 to Figure 5-102.
Table 5-37 Sediment Balance below S.W.L. of Line 3 and Line 2
Line 3 Line 2
Accretion
(m*)
Erosion
(m*)
Total
On*)
Difference
(%)
Accretion
(m3)
Erosion
(m*)
Total
(m3)
Difference
(%)
Test 1 0.0284 0.1507 0.1791 -68.29 0.0001 0.2618 0.2619 -99.92
Test 2 0.1163 0.1695 0.2858 -18.61 0.0414 0.0822 0.1236 -33.01
Test 3 0.0535 0.0063 0.0598 78.93 0.0148 0.0206 0.0354 -16.38
Test 4 0.0066 0.0158 0.0224 -41.07 0.0165 0.0149 0.0314 5.10
Test 5 0.0625 0.0291 0.0916 36.46 0.0654 0.0131 0.0785 66.62
Test 6 0.0146 0.3408 0.3554 -91.78 0.002 0.0742 0.0762 -94.75
Test 7 0.0792 0.011 0.0902 75.61 0.0065 0.0769 0.0834 -84.41
Test 8 0.01 0.0572 0.0672 -70.24 0.0257 0.0317 0.0574 -10.45
Test 9 0.0112 0.1098 0.121 -81.49 0.0066 0.0808 0.0874 -84.90
Test 10 0.0121 0.0788 0.0909 -73.38 0.0037 0.0665 0.0702 -89.46
Table 5-38 Sediment Balance below S.W.L. of Line 1
Line 1
Accretion
(m*)
Erosion
(m3)
Total
(m3)
Difference
(%)
Test 1 0.0405 0.0253 0.0658 23.10
Test 2 0.0276 0.1122 0.1398 -60.52
Test 3 0.0508 0.0046 0.0554 83.39
Test 4 0.0169 0.0217 0.0386 -12.44
Test 5 0.0539 0.0174 0.0713 51.19
Test 6 0.2186 0.0375 0.2561 70.71
Test 7 0.0077 0.0497 0.0574 -73.17
Test 8 0.0372 0.0167 0.0539 38.03
Test 9 0.0121 0.0673 0.0794 -69.52
Test 10 0.0525 0.0475 0.1 5.00
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Accretion 0.0284 0.1163 0.0535 0.0066 0.0625 0.0146 0.0792 0.01
Erosion 0.1507 0.1695 0.0063 0.0158 0.0291 0.3408 0.011 0.0572
1 V 1 i
F igure  5-97 Sedim ent B alance b e lo w  S .W .L . o f  L ine  3
i
~ i i  1
« v  »  i .
i i n RJgj
F igure 5-98 Sedim ent B alance b elow  S .W .L . o f  L ine 2
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F igure 5-99 Sedim ent B alance b e lo w  S .W .L . o f  L ine  1
T ab le 5-39 S edim ent B alance ab o v e  S .W .L . o f  L ine 3 and L ine 2
Line 3 Line 2
Accretion
(m3)
Erosion
(m3)
Total
(m3)
Difference
(% )
Accretion
(m 3)
Erosion
(m3)
Total
(m3)
Difference
(% )
Test 1 0 .0 1 1 6 0 .0 2 6 8 0 .0 3 8 4 - 3 9 .5 8 0 0 .0 7 6 5 0 .0 7 6 5 - 1 0 0 .0 0
Test 2 0 0 .0 6 5 3 0 .0 6 5 3 - 1 0 0 .0 0 0 .0 2 1 3 0 0 .0 2 1 3 1 0 0 .0 0
Test 3 0 .0 1 0 8 0 0 .0 1 0 8 1 0 0 .0 0 0 .0 1 7 5 0 0 .0 1 7 5 1 0 0 .0 0
Test 4 0 .0 0 3 7 0 .0 0 3 6 0 .0 0 7 3 1 .3 7 0 .0 1 3 3 0 .0 0 4 0 .0 1 7 3 5 3 .7 6
Test 5 0 .0 0 1 8 0 .0 0 2 1 0 .0 0 3 9 - 7 .6 9 0 .0 0 6 2 0 .0 1 0 7 0 .0 1 6 9 - 2 6 .6 3
Test 6 0 .0 4 5 5 0 0 .0 4 5 5 1 0 0 .0 0 0 .0 3 2 8 0 0 .0 3 2 8 1 0 0 .0 0
Test 7 0 .0 2 5 7 0 0 .0 2 5 7 1 0 0 .0 0 0 .0 0 6 5 0 .0 0 5 8 0 .0 1 2 3 5 .6 9
Test 8 0 .0 0 2 2 0 .0 1 4 0 .0 1 6 2 - 7 2 .8 4 0 .0 2 2 2 0 .0 0 0 1 0 .0 2 2 3 9 9 .1 0
Test 9 0 .0 5 2 2 0 0 .0 5 2 2 1 0 0 .0 0 0 .0 2 9 5 0 .0 0 0 6 0 .0 3 0 1 9 6 .0 1
Test 10 0 .0 1 7 6 0 .0 1 0 5 0 .0 2 8 1 2 5 .2 7 0 .0 4 6 1 0 .0 0 1 1 0 .0 4 7 2 9 5 .3 4
2 4 9
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T able 5-40 S ed im en t B alan ce  above S.W .L. o f  L ine 1
Line 1
Accretion
(m3)
Erosion
(m 3)
Total
(m3)
Difference
(% )
Test 1 0 .0 1 8 7 0 .0 0 7 4 0 .0 2 6 1 4 3 .3 0
Test 2 0 .0 7 4 0 0 .0 7 4 100.00
Test 3 0 .0 1 1 5 0 .0 0 0 6 0.0121 9 0 .0 8
Test 4 0 .0 0 2 3 0 . 0 0 7 7 0.01 - 5 4 .0 0
Test 5 0 .0 0 4 5 0 .0 0 6 8 0 .0 1 1 3 - 2 0 .3 5
Test 6 0.0121 0.0011 0 .0 1 3 2 8 3 .3 3
Test 7 0 .0 2 2 7 0 0 .0 2 2 7 100.00
Test 8 0 .0 3 1 8 0 .0 0 1 3 0 .0 3 3 1 9 2 .1 5
Test 9 0 .0 3 1 5 0 .0 0 6 9 0 .0 3 8 4 6 4 .0 6
Test 10 0 .0 5 3 8 0 .0 0 0 7 0 .0 5 4 5 9 7 .4 3
Figure 5-100 Sedim ent B alance above S .W .L . o f  L ine 3
2 5 0
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1
I Erosion 0 .0 7 6 5  0
A ccretion  0  0 .0 2 1 3  0 .0 1 7 5  0 .0 1 3 3  0 .0 0 6 2  0 .0 3 2 8  0 .0 0 6 5  0 .0 2 2 2  0 .0 2 9 5  0 .0 4 6 1
F igure 5-101 Sedim ent B alance above S .W .L . o f  L ine 2
F igure 5-102 Sedim ent B alance above S .W .L . o f  L ine 1
2 5 1
Chapter V Analysis of the Experimental Results
Regarding profile change for the gravel beach (Test 1 to Test 6):
Lines 2 and 3
Below the S.W.L. erosion was the major volumetric change for both Lines 
(except Tests 3 and 5 for Line 3 and Tests 4 and 5 for Line 2). Line 3 had the 
highest erosion at Test 6 where Line 2 at Test 1. At Test 5, both Lines had 
similar amount of accretion where at Test 4 had similar amount of erosion. At 
Test 4 the amount of erosion at Line 3 was similar to the amount of accretion at 
Line 2 which gives a possible indication of long-shore sediment transport 
between the two lines below S.W.L. The pattern of total volumetric change of 
Line 2 below S.W.L. increased in magnitude in relation to the wave steepness 
where of Line 3 only at Tests 3 and 4.
Above the S.W.L., erosion was the major volumetric change for Line 3 but not 
for Line 2. At Line 3 only during Tests 3 and 6  accretion was the major and 
often the only volumetric change where at Line 2 was during Test 2, 3,4 and 6 . 
At Test 6 was the highest accretion, above S.W.L., for both lines. The highest 
erosion for Line 3 was at Test 2 where for Line 2 was at Test 1. At Test 1, both 
below and above S.W.L., Line 2 had the highest erosion. Neither of the two 
Lines show any sign of long-shore sediment transport above S.W.L. The pattern 
of total volumetric change of Line 2 above S.W.L. increased in magnitude in 
relation to the wave steepness where of Line 3 only at Tests 5 and 6 .
Line 1
Below the S.W.L., accretion was the major volumetric change for Line 1 (except 
Tests 2 and 4). The highest erosion was observed at Test 2 and the highest 
accretion at Test 6 . When comparing Line 1 with the other two lines, a possible 
indication of long-shore sediment transport, below S.W.L., was observed at Test 
4 where the amount of erosion of both Lines 2 and 3, was similar to the amount 
of accretion of Line 1 for the same test. The pattern of total volumetric change of 
Line 1 below S.W.L. decreased in magnitude in relation to the wave steepness 
(except Tests 3 and 4).
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Above S.W.L., accretion was the major volumetric change of Line 1 (except 
Tests 4 and 5). The highest accretion has been observed at Test 2 and the highest 
erosion at Test 4. Comparing Line 1 with the other two lines, a possible 
indication of long-shore sediment transport, above S.W.L., was observed at Test 
4 once more, where the amount of erosion of both Lines 2 and 3, was similar to 
the amount of accretion of Line 1 for the same test. The same pattern of total 
volumetric change below S.W.L. was also followed above S.W.L. decreasing in 
magnitude in relation to the wave steepness (except Tests 3 and 4).
Regarding profile change for the Mixed Beach (Test 7 to Test 10):
Lines 2 and 3
Below the S.W.L., erosion was the major volumetric change for both Lines 
(except Test 7 for Line 3). Both lines had the highest erosion at Test 9. At Test 7 
the amount of accretion of Line 3 was similar to the amount of erosion of Line 2. 
Line 2 had the highest accretion at Test 7 where Line 3 at Test 7. The pattern of 
total volumetric change below S.W.L of Line 2 increased in magnitude in 
relation to the wave steepness whereas in Line 3 only at Tests 9 and 10. Neither 
of the two lines show any sign of long-shore sediment transport below S.W.L.
Above the S.W.L., accretion was the major volumetric change for both Lines 
(except Test 8 for Line 3). Line 3 had the highest accretion at Test 9 whereas 
Line 2 at Test 10. At Line 2 the amount of accretion was increased from Test 7 
to Test 10. Line 3 had the highest erosion at Test 8 where Line 2 at Test 7. The 
pattern of total volumetric change of both lines above S.W.L. decreased in 
magnitude in relation to the wave steepness. Neither of the two lines show any 
sign of long-shore sediment transport above S.W.L.
Line 1
Below the S.W.L., neither accretion nor erosion was the major volumetric 
change for Line 1. The highest accretion has been observed at Test 10 whereas 
the highest erosion at Test 9. Comparing Line 1 with the other two lines, a 
possible indication of long-shore sediment transport, below S.W.L., was 
observed at Test 8 whereas the amount of erosion of Line 2 was similar to the
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amount of accretion of Line 1 for the same test. The pattern of erosion of Line 1 
below S.W.L. increased in magnitude in relation to the wave steepness (except 
Tests 3 and 4).
Above S.W.L., accretion was the major volumetric change of Line 1. The 
highest accretion was observed at Test 10 and the highest erosion at Test 9. 
Comparing Line 1 with the other two lines, there was no possible indication of 
long-shore sediment transport, above S.W.L. The pattern of total volumetric 
change of Line 1, above S.W.L., decreased in magnitude in relation to the wave 
steepness.
5.5.3 Uniform slope
It can easily be observed that the behaviour of the sediment (gravel and mixed) 
from Line 3 to Line 2 is not linear. It is likely based on the oblique wave attack 
and the influence of the cross-shore and long-shore sediment transport. The total 
volumetric changes for the gravel beach were in the order of 39-65% to those of 
the mixed beach for the same wave condition. This indicates the greater mobility 
of the mixed beach in comparison with the gravel beach. This is in contrast with 
the conclusions of Lopez de San Roman-Bianco (2003). It also shows that this 
difference in total volumetric change between gravel and mixed beach is inverse 
proportional to the wave height.
Relative difference between accretion and erosion for the gravel beach vary 
between -99.94% to +82.15%. These relative differences for the case of mixed 
beach vary between -72.83% to +81.02% indicating that the sediment volume is 
conserved well. Comparing the relative difference between tests, it can be 
observed that it was reduced which might be caused by the fact that only gravel 
moves on the beach over a stable mixed bed. This is in contrast with the 
conclusions of Lopez de San Roman-Bianco (2003).
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5.5.4 Trench
The total volumetric changes for the gravel beach were in the order of 45% to 
those of the mixed beach for the same wave condition. This indicates the greater 
mobility of the Mixed Beach in comparison to the gravel beach. It also shows 
that this difference in total volumetric change between gravel and Mixed beach 
is inverse proportional to the wave height.
Relative difference between accretion and erosion for the gravel beach vary 
between -20.99% to +84.59%. These relative differences in the case of mixed 
beach are negative in the first test and positive for the following tests. Its relative 
difference vary between -24.09% to +58.62%.
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CHAPTER VI 
PREDICTING PROFILE RESPONSE FOR GRAVEL AND 
MIXED BEACHES
6.0 INTRODUCTION
As aforementioned in Chapter 2, gravel and mixed shingle beaches are two of 
the most effective natural sea defences and provide an attractive, practical means 
of coastal protection. They are both relatively permeable to wave action and as a 
result they can absorb more wave energy. Like any other type of beach, gravel 
and mixed beaches will suffer erosion under extreme wave conditions or 
combined storm waves with high water levels. If the erosion is sufficiently 
severe, the beach will pass the point which it can no longer absorb wave energy. 
At this point the beach will no longer be considered as a coastal protection 
system. Therefore, the identification and calculation of the sediment transport 
and consequently the prediction of the evolution of the gravel and mixed 
beaches are very important issues.
In order to provide insights into the complexities of beach systems, involving the 
interrelationships among the many variables and parameters focusing in 
predicting the evolution of the beaches, the use of models has to be employed. 
There are various classes of models. The most common are the numerical and 
the parametric models where the latter will be discussed in this chapter. 
Parametric models require little or no understanding of the underlying 
hydrodynamics and attempt to relate directly to the development of various 
features on the beach to the incident wave conditions and beach material 
characteristics. At present, the leading model available for predicting profile 
development of coarse-grained beaches is that of Powell (1990), the SHINGLE 
model. SHINGLE is also used for predicting the development of dissimilar 
sediment beaches. In this chapter, a new parametric equilibrium cross-shore 
model will be developed based on the concept of the development of SHINGLE 
in order to predict the beach profile evolution of gravel and mixed beaches.
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6.1 MODEL DEVELOPMENT
The new parametric model is based on the equilibrium slope (“equilibrium beach 
profile”) concept through which the effects of wave conditions, sediment size, 
grading and permeability can be taken into account. It is a new approach to 
predict the equilibrium beach profile of gravel and mixed beaches for trench and 
uniform slope. Previous parametric models, (BREAKWAT and SHINGLE) that 
predicting the development of beach profiles, were 2D models. This might be 
acceptable when waves approaching in a normal wave angle. However, for
oblique incident wave angles these 2D parametric models cannot predict
accurate the development of beach profile due to the fact that they do not 
consider the differential longshore transport. The new 3D parameter model has 
been established by taking into account the differential longshore transport, 
giving the opportunity to calculate every beach profile of interest along the 
beach. Furthermore, the model has been validated against the experimental data 
from the experiment in Hannover.
Based on the literature for gravel and mixed beaches, the variables most 
influential in the development of their beach profile are:
1. Wave height
2. Wave period
3. Beach material size
4. Permeability
5. Water level
6 . Angle of wave attack
7. Initial beach profile
The model uses/calculates all of the variables above and allows the user to 
predict changes to mixed and gravel beach profiles, with either trench or uniform 
slope, based upon prescribed input conditions of sea state, water level, sediment 
size and existing profile. It has to be mentioned that the size of the sediment 
particle and the permeability assumed to have a constant value for the whole 
beach.
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The model was split in two categories of predicting beach profile, based on the 
nature of the bed slope:
a) Uniform slope, and
b) Trench
Their profile schematisations are shown in Figure 6-1 to Figure 6- 3. For both of 
these categories, the profile of the model has been described by four areas. These 
areas are extending from:
1. The start of the beach to the breaking point,
2 . the breaking point to still water level,
3. still water level to crest, and
4. crest to the end of the beach profile.
The position of the predicted beach profile relative to an initial (pre-existing) 
profile has been established by taking in to account the differential longshore 
transport. Additionally, the model is attempting to establish the accurate cross- 
shore distribution of the longshore wave-induced currents.
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Figure 6- 3 Schematised beach (plan view) 
where,
hw (m) is the still water depth,
hb (m) is the breaking depth calculated by Eq.5-4 for regular waves and by 
Eq.5-6 for random waves, 
hi (m) is the local water depth, 
hj (m) is the depth above still water depth (S.W.L.),
Yj (m) is the local bed level (=hw-hi below S.W.L., and =hw+hj above S.W.L.), 
Xj (m) is the distance from the origin to the local point of interest 
Xb (m) is the distance from the origin to the breaking point,
Xw (m) is the distance from the origin to the point where Yj=hw,
Xh (m) is the distance from the origin to the point of the highest hj,
Xe (m) is the distance from the origin to the end of the beach (initially the Xh is 
equal to Xe, however after waves attack these points are starting to separate), 
ht (m) is the height of the trench (the height of the trench was calculated by 
subtracting the bed level of Line 1 from Line 2 assuming that the bed level 
did not change from Line 2 to the edge of the trench and also along the width 
of the trench the bed level was the same as the bed level of Line 1), 
wt (m) is the width of the trench,
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Li (m) is the length from the origin to the beach profile of interest and,
Lt (m) is the total length of the beach
More parameters are used for the new parametric model. These are listed and 
described below:
Yp is the predicted local bed level
c is the wave celerity (= ^/ghi) (m/s), where hi is the local water depth and 
g is the acceleration due to gravity (=9.81 m/s2),
Ho is the wave height in deep water (m),
Hmo is the estimation of the significant wave height from spectral analysis (m),
T is the wave period (sec),
Tm is the average wave period (sec), for many sites a reasonable estimation is 
Tm=0.8Tp but can commonly vary from 0.65 to 0.9. The value of Tm used 
in the parametric model was equal to 0.8TP,
L0 is the deep water wave length (m),
Lm is the wave length based on Tm 
0 is the incident wave angle (°), 
m is the slope of the beach,
Dso is the median sediment diameter (mm),
7^,—  ^is the wave steepness and,J'O
K is the permeability which was calculated by using the equations of Krumbein 
and Monk (1943) (Turner, 1993; Kulkami et al., 2004):
Eq.6-1 K = * 760d2exp(1.3 la ) x 0.987 x 10“12 (m/s),
where,
d is the median grain size (mm), a the sorting index (in phi units), g the 
acceleration due to gravity, and v the kinematic viscosity of water (m2/s).
For the calculations based on the gravel beach, the sorting index was calculated 
according to the following formula (Gordon et al., 1992):
Eq.6-2 a =
where,
phi (<p) units were numerically defined as:
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Eq.6-3 c(> = -  log2d(mm)
1 .0 m m
where,
d(mm) is the particle size in millimetres and the dimensionless aspect of the 
equation (i.e., d(mm)/1.0 mm) was redefined by McManus (1963) and amplified 
by Krumbein (1964), (Balsillie and Dabous, 2003).
However, for the calculations based on the mixed beach, the sorting index was 
calculated differently. It is important to look at the grain-size distribution (GSD) 
of the mixed sediments in order to get a more accurate estimation of the sorting 
index. Therefore, the sorting index was applied using the inclusive graphic 
standard deviation:
This equation was developed by Folk and Ward (1957) and computes the spread 
of the distribution in phi units where (for example) cp84 is the value of ‘phi’ 
corresponding to 84% of the cumulative frequency curve (Batalla and Martin- 
Vide, 2001; Wittenberg et al., 2007).
The parameters that were used in the model were dimensionless in order for the 
model to be applied independently of the scale. After non-linear regression 
analysis of the experimental data, equations were derived in order to predict each 
area of the beach profile, individually. The model took its final forms for the 
following conditions. The results are shown in Figure 6-4 to Figure 6-31.
Eq.6-4 6.6
6.2 THE M O DEL
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6.2.1 Regular Wave Conditions
Gravel Beach-uniform slope:
For 0 < X i < X b
Eq.6-5 r L =  a ^ L +  b | L +  c ^  +  d ^  +  e ^ -  +  f^ -  +  g (R2=0.988)
hw hw Xb Lq K cos 0 Lj  ®
where,
a, b, c, d, e, f  and g are constants with values of:
a= 1.090258877
b= 0.210100923
c= 2.430548379
d= 0.676947516
e= -8.188104521
F= -0.0784
g= 0.147637943
For X b < X i <  Xw
Eq.6-6 r L = a ^ - + b ^ -  +  c ^  +  d ^  +  e - ^  +  fii- +  g (R2=0.915)
hw hw Xw Lq K COS 0 Ly °  '
where,
a, b, c, d, e, f  and g are constants with values o f
a= -0.439969159
b= 0.264469924
c= 1.927826999
d= -0.805932438
e= -11.21244376
f= -0.112785082
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g= 2.341769681 
For Xt = X W
Eq.6-7 ^ -  =  a +  bA +  cB +  dB2 +  eB3 (R2=0.999)
where,
a, b, c, d and e are constants with values o f 
a= 41.22171165
b= 0.650012908
c= -38.29279092
d= 11.70125835
e= -1.162345606
For Xw <  Xj <  Xh
Eq.6-8 ^ -  =  a +  bA +  cB +  dA2 +  eB2 +  fAB +  gA3 +  hB3 +nw
+iAB2 +  jA2B (R2=0.941)
where,
^cos0HoYi^  
V mKThw )
a, b, c, d, e, f, g, h, i and j are constants with values o f 
a= -10.56234633
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b= 10.18338376
c= 88.17312206
d= -14.89068203
e= -218.786134
f= -36.50120271
g= 27.94114905
h= 165.8126743
i= 87.50198946
j=  -40.23801267 
For X h < X i <  Xe
Eq.6-9 £ * - = a  +  j  +  ^ + d B  +  eB2 +  fB3 (R2= l)
a, b, c, d, e and f  are constants with values o f
a= -141.8895401
b= -11.66055542
c= 0.763929334
d= 927.1770041
e= -1519.31762
.£24.5338948
where,
A = f
cos0HoXi 
. mKTXP
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Gravel Beach -trench:
For 0 < Xi < Xb
Eq.6-10 ^ a - ^  + b ^  + c ^  + d^ + ecose + f ^ -  (R2=0.993)
hw hw Xb L0 K wtLt
where,
a, b, c, d, e and f are constants with values of
a= 0.95508871
b= -0.083
c= 0.556384877
d= -0.289761564
e= 0.271629927
0.790444492
¥orXb < X i < X w
Eq.6-11 ^ - = a^ - + b ^ - + c S a + d ^ + eco s 0  + f - ^  (R2=0.931)
hw nw Xw L0 K wtLt
where,
a, b, c, d, e and f are constants with values of 
a= -1.088996185
b= 2.545100167
c= -0.841712942
d= -0.238826768
e= -0.413220683
-0.353720923
272
Chapter VI________________Predicting Profile Response for Gravel and Mixed Beaches
For X w < X i < X e
Eq.6-12 ^ - = a + bA + c ln(B) + dA2 + e ln(B)2 + fA ln(B) + gA3 +nw
+h ln(B)3 + iA ln(B)2 + jA2 ln(B) (R2=0.964)
where,
Hocos0wt  ^
KTht )
a, b, c, d, e, f, g, h, i and j are constants with values of
a= 1.253322493
b= 0.0179
c= 1.598499148
d= 0.00292
e= -0.0731
£= -0.0648
g= -0.000165
h= -4.597432492
i= -0.537008503
j= 0.010287216
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Mixed Beach-uniform slope:
For 0 < Xi < Xb
Eq.6-13 ^ a - ^  + b ^  + c - ^  + d ^ .+  e^ + f^
1 hw hw Xb cos 6 Lo K Lt
where,
a, b, c, d, e and f  are constants with values of 
a= 0.190679744
b= 0.456175919
c= 3.599980757
d= -4.145722177
e= -0.00397
f= -0.0921
For Xb <Xt <X}w
Eq.6-14 ^E- = v Lf e x p ( a ^  + b ^  + c^ + d J2^ -  + e ^ Lhw Xj L V h w Xj Lq K cos 0Xj Lt Xw
where,
a, b, c, d, e and f are constants with values of 
a= 2.00679086
b= -50.69842142
c= 0.0115
d= 48.73181053
e= -0.206193483
f= -6.355966621
(R2=0.985)
f  f)l (R2=0.649)
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For Xi =XW
Eq.6-15 r E’= a  + ^ !!7 ^  + c ^
11  ^ A A
where,
HoCosQXiLj
A
_  / , OS0 i i \
" V KTmX.Lt )e
a, b, and c are constants with values of 
a= 0.259561418 
b= -0.01520974 
c= 0.000229 
ForXw < Xi  < X h
^ ■6 A6 . i = a + j + l + ^ + F + ^ + * + P + i P + ^ i
where,
_  / HqCosOXa  
\  KTmXe /
B = -1\hwLt/
a, b, c, d, e, f, g, h, i and j are constants with values of 
a= 5.573788859 
b= -2.007463022
c= 4.668187209
d= 0.182680312
e= -1.753767053
£= -0.173691269
(R2=l)
(R2=0.927)
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g= -0.00368
h= 0.111750215
i= 0.111215838
j= -0.0172
¥ o r X h < X i < X e
a, b, c, d, e, f, g, h, i and j are constants with values of
a= -89621.66432
b= 2291680.837
c= 37046.75709
d= -19367600.08
e= -5033.041717
£= -638381.0291
g= 54227304.35
h= 223.4255631
i= 44016.07513
j= 2718426.588
(R2=0.968)
where,
A =
Hocos0Xi
KTmX,
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Mixed Beach -trench:
For 0 < Xt <Xb
Eq.6-18 ^ a ^  + b ^  + c ^  + d^ + ecose + f ^ 1hw hw Xb L0 K wtLt
where,
a, b, c, d, e and f are constants with values of
a= 1.046711962
b= 0.0286
c= -1.948562433
d= 0.00298
e= -0.190111576
f= 1.011571801
For ^  < Xt < Xw
Eq.6-19 ^ L = a ^ - + b^- + c ^  + d ^ + eco s 0  + f ^ L
“ w Xw Wt Lq K h w Lt
where,
a, b, c, d, e and f are constants with values of 
a= 1.863890904 
b= -4.362241351 
c= 2.324321026 
d= -0.000515 
e= -0.423359139
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f= -0.557716594 
For*w <X i <X e
Eq.6-20 = a + bA + cB + dA2 + eB2 + fAB + gA3 + hB3 +hw
+iAB2 + jA2B (R2=0.795)
where,
Hn cosOw,
a, b, c, d, e, f, g, h, i and j are constants with values of
a= 2.972510746
b= 0.000226
c= -10.27477712
d= 0.0000675
e= 14.99027003
£= -0.00494
g= 0.00000000981
h= -6.360333755
i= 0.00516
j= -0.0000825
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6.2.2 Random Wave Conditions
Gravel Beach-uniform slope:
For 0 < Xt < Xb
Eq.6-21 ^ - = a^ - + b ^ - + c ^ + d ^  + e -2 -  + f^  (R2=0.900)
^ hw hw Xb Lm K cos 0 Lt
where,
a, b, c, d, e and f are constants with values of
a= -0.635022121
b= 0.180222404
c= 15.69492074
d= -2.006504945
e= 16.83564617
f= 0.332780252
For Xb <Xi < Xw
Eq-6' 22 ^ ' = a + bA + I  + dA2+P  + fi  + 8A3+P  + i ( p )  + j (T )
(R2=0.958)
where,
* - G S )
_  /Hmpcos6cLj\
I LmKmL, )
a, b, c, d, e, f, g, h, i and j are constants with values of
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a= 0.918153108
b= -0.179624414
c= -0.0252
d= -0.734671258
e= -0.000021
f= 0.067
g= 1.103622082
h= -0.00000014
i= 0.0000871
j= -0.0485
For Xw <Xt < Xe
Eq.6-23 £  = a + bA + § + dA2 + £ + f£ + gA2 + £  + i ( £ )  + j ( £ )
(R2=0.833)
where, 
LiA
B
-©
/ YjXjH^Km \ 
\h wXA Lm gTL cosO/e m 0> 
a, b, c, d, e, f, g, h, i and j are constants with values of 
a= 22.6470272
b= ‘529775.1787 
c= 39737787.96
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d= -2855826.745
e= 0.000000191
f= -214179941.9
g= 3592392.088
h= -6.83 x 10'12
i= -0.000000107
j= 269408732
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Gravel Beach -trench:
For 0 < Xt < Xb
Eq.6-24 ^ -  = a ^  + b ^  + c ^  + d^ + ecose + c - ^  (R2=0.966)«w nw Xb Lm K wtLt
where,
a, b, c, d, e and f are constants with values of 
a= 0.088192079
b= 0.151977155
c= -8.184329108
d= -1.113429579
e= 1.292121545
f= 1.333973855
For ^  < X i  < X W
Eq.6-25 ^  = 8 ^ ^  + b ^ -^ -  + ccosB + d£ + e -^ "  (R2=0.844)nw Lm hw Xw K wtLt
where,
a, b, c, d and e are constants with values of 
a= 1.638109605
b= -0.306511358
c= 1.379698151
d= -0.909699004
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e= 0.338331292 
F o r X w < X t < X h
Eq.6-26 ^  = a + bA + cA2 + dA3 + eA4 + fA5 + gB + hB2 + iB3 +nw
+jB4 + kB5 (R2=0.963)
where,
a, b, c, d, e, f, g, h, i, j and k are constants with values of
a= -589802.5566
b= 0.00041
c= 0.00135
d= -0.000148
e= -0.00000419
f= 0.0000004
g= 3294924.892
h= -7361355.541
i= 8221536.77
j= -4590181.229
k= 1024889.267
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For Xk <Xt < Xe
Eq.6-27 = aA + bB + cC (R2=0.986)“w
where,
B =  /'^moKcosOx 
V Ln.gT.n )
VwtLt/
a, b and c are constants with values of 
a= 1.310717393 
b= -315.7426255 
c= -1.67959865
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Mixed Beach-uniform slope:
For 0 < X i <  X b
Eq.6-28 ^  = a ^  + b £ -+ cm  + d ^  + e£ + fcos8 + gnw nw Xb Lm K
where,
a, b, c, d, e, f and g are constants with values of
a= 1.690465144
b= -0.316587743
c= -3.42167 x 1013
d= -1.0804 xlO14
e= 0.00285
f= 6.16745 x 1012
g= -0.0184
For Xb < X t <  X w
Eq.6-29 ^ -  = a ^ -  + b ^ + + c - ^  + d ^  + e ^ -
hyy h K  cos 0 Lm XL*t
where,
a, b, c, d and e are constants with values of 
a= -0.445965516
b= -0.022
c= 9.951163908
d= 32.85096066
1 (R2=0.981)
•t
(R2=0.850)
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e= -0.179196367 
For Xt =XW
where,
a, b, and c are constants with values of 
a= 0.4828152087
b= 6.698564609
c= -0.000966
F o r X w < X i < X h
Eq.6-31 ^ -  = a + b ln(A) + £ + d ln(A)2 +  ^  + + gln(A)3 +nw B B B
(R2=0.925)
where.
a, b, c, d, e, f, g, h, i and j are constants with values of
a= -3.555765559
b= 0.387754864
c= 83.21457166
d= -0.359092994
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e= -456.3469222
f= 1.194449244
g= 0.0452
h= 767.7741361
i= -4.489845407
j= 0.309546135
For Xh < X i < X e
Eq.6-32 (a + bA + cA2 + dA3 + eA4 + fA5 + gB + hB2)
n w Xe
(R2=0.999)
a, b, c, d, e, f, g and h are constants with values of
a= -20629.83042
b= 7225.235442
c= -1012.355498
d= 70.90745484
e= -2.48241939
f= 0.0347
g= 33.99008129
h= -43.52337604
where.
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Mixed Beach-trench:
For 0 < X i < X b
Eq.6-33 a ^ + b ^  + CY^ + dp + ecose + f-^T-"w ”w Xb Lm K wtLt
where,
a, b, c, d, e and f  are constants with values of
a= -1.035902532
b= 0.0961
c= 0.20958285
d= -0.0426
e= 2.960492278
f= 1.88247248
¥orXb <Xi <XW
Eq.6-34 ^ -  = a r L + b ^ - + c ^  + d i  + ecos0 + f - ^hw hw Xw Lm K W(Lt
where,
a, b, c, d, e and f are constants with values of 
a= 1.122200479
b= 0.533275168
c= -5.226782307
d= 0.00119
(R2=0.927)
(R2=0.951)
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e= -0.501373362
f= 1.522847287
F o r X w <  Xi <  X h
^  ^  = a + I + i  + F  + F  + ^  + ^  + F  + XF+ li i
where,
fHm0 cos 0 wt'A  =  / 0 COSWW \
V KTmht )
_ / YjXeLi\ 
K K X ^ JB
a, b, c, d, e, f, g, h, i and j are constants with values of
a= 415.6519499
b= -1066.797369
c= -1188.965857
d= 2223.127864
e= 1133.227714
f= 1894.503176
g= 58643.05915
h= -358.9102695
i= -822.0894337
j= 285.3792091
(R2=0.919)
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For Xh < X i < X e
Eq.6-36 = aA + bB + cC (R2=0.916)
where,
a, b and c are constants with values of 
a= -0.58024258
b= 9860.7249
c= 0.055464052
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Figure 6-30 C om parison  o f  p red ic ted  and m easured beach profiles (L ine 1-TEST 9)
31 1
INITIAL PROFILE-TEST 9 
FINAL PROFILE-TEST 10 
FINAL PROFILE-SHINGLE
FINAL PROFILE -PREDICTED
^  • 1 a
5. -0.1
-0 .6  -0 .8  -1 -1 .2  -1 .4  -1 .6  -1 .8  -2  -2 .2  -2 .4  -2 .6  -2 .8  -3  -3 .2  -3 .4  -3 .6  -3 .8  -4 -4 .2  -4 .4  -4 .6  -4 .8  -5  -5 .2  -5 .4  -5 .6  -5 .8  -6
C h a in a g e  (m )
Figure 6-31 C om parison  o f  p red ic ted  and m easured  beach p rofiles (L ine 1-TEST 10)
3 12
Chapter VII Model Application fCase Studv-Chesil Beach)
63  CONCLUSION
The new parametric model has been validated against the experimental data 
from the experiment in Hannover yielding reasonable agreement between 
predicted and measured equilibrium slopes, especially for conditions with 
trench. In general the beach crest was reasonably predicted, which tends to be 
the area of most interest to coastal engineers since it generally defines the size of 
beach required to maintain an adequate sea defence (Powell, 1990). However, in 
random wave conditions with the beach with uniform slope, the new model 
showed a lack of accuracy of predicting the crest level of Line 2; it was over­
predicted most of the time. Furthermore, in random wave conditions, the model 
was not so accurate for the area before the breaking depth showed signs of over- 
and under-estimation of the beach profile at that area. Despite that, the new 
model predicted the equilibrium beach profile more accurately than SHINGLE 
model.
The main differences between the new parametric model and the SHINGLE are 
listed below:
1. SHINGLE is a 2D parametric model where the new parametric model is 
3D.
2. It has slightly different schematised beach profile than SHINGLE has.
3. It can be used also with oblique wave attack rather than only with normal 
wave attack.
4. Permeability is one of the main parameters, consequently more diameters 
of the sediment particle (even 5 in case of mixed beach) are included in 
the main equations instead of only one (D50).
5. It can also be used with trenches.
Due to the model’s empirical derivation, it would be unwise to attempt to use the 
model (the equations) for situations outside the range of conditions for which it 
was developed (derived).
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The model has been validated against an experimental data set. Moreover, the 
new parametric model has also been validated with a field data of random wave 
conditions from gravel beach with uniform slope. The results are show in 
following chapter (Chapter 7).
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C H A P T E R  7 
M O D E L  A P P L IC A T IO N  (C A SE  ST U D Y -C H E SIL  BEA C H ) 
7.0 IN T R O D U C T IO N
The concept of the equilibrium beach profile states that when a beach is exposed 
to a given water level and wave condition for an extended period of time, the 
beach will take an equilibrium shape. However, in nature, beaches are exposed 
to a constantly changing set of wave and water level conditions. Therefore, the 
equilibrium beach profile concept should be interpreted in order to apply an 
average profile corresponding to the response of the beach profile to long-term 
changes in the environment, such as long-term sea level rise (Ozkan-Haller and 
Brundidge, 2007).
The new model, which was described in Chapter 6, was derived to predict the 
equilibrium beach profile of gravel and mixed beaches with uniform slope and 
trench. In this chapter, it was used and modified in order to predict the 
equilibrium average profile of gravel beaches with uniform slope. The 
modification has been validated against field data taken from 9 profile locations 
on Chesil beach that were surveyed between 1993 and 1996.
7.1 FIE L D  D A T A
7.1.1 Background
Chesil Beach is known throughout the world as an impressive shingle storm 
beach. The beach provides a natural barrier to the sea, protecting properties and 
land against flooding. West Bay, Burton Bradstock, Burton Freshwater and 
Chiswell have all experienced flooding or potential flooding as a direct result of
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sea encroachment over and through the beach and have had studies and works 
undertaken to alleviate the flooding.
The Chesil Beach is situated on the coast of south west Dorset, between Portland 
and Abbotsbury (Figure 7-5). From Abbotsbury to Portland Harbour Chesil 
Beach forms the seaward barrier to the brackish Fleet Lagoon which extends for 
some 13 km. Along this stretch Chesil Beach is between 150-200m wide, 
narrowing at the extreme eastern and western ends. The crest of Chesil Beach 
extends continuously from midway between West Bexington and Abbotsbury to 
Chesilton. It generally increases in height from west to east, reaching a 
maximum of around +14m ODN (Babtie Group Ltd, 1997).
Offshore the beach face continues its slope at roughly the same gradient as 
above the low mark for approximately 70m after which the gradient becomes 
shallower. The offshore gradient is steepest at the Portland end of the beach and 
shallower at the West Bay side (Babtie Group Ltd, 1997).
Chesil Beach is frequently termed in the literature as a “fossil feature” in the 
sense that the material from which the beach is composed are non-renewable and 
new sources are strictly limited. The material on the shingle bank is well graded 
longitudinally along the beach, being largest in the east with a D50 of 
approximately 5cm, and smallest in the west with a D50 of approximately 0.5cm. 
The existence of the harbour arms at West Bay has probably arrested the 
westward movement of material and with Portland Island to the east it seems 
that Chesil Beach is a closed system (Babtie Group Ltd, 1997).
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F igure  7-1 T he  C hesil B each  ( tak e n  fro m  B ab tie  G ro u p , 1997)
C hesil B each  is o f  im p o rtan ce  to  th e  s tu d y  o f  co asta l geom o rp h o lo g y , bo th  as a 
c lassic  land fo rm  and  as a n a tu ra l la b o ra to ry  fo r the  stu d y  o f  beach  p rocesses. It 
is a lso  ex cep tio n al for its s ize  (b o th  in  its leng th  and  w id th ), fo r the linear 
g rad in g  o f  p ebb les, fo r the v a r ia tio n  in  th e  co m p o sitio n  o f  the pebb les and for 
the h is to rica l reco rds o f  b each  ch an g es .
B ab tie  G ro u p  (1997), k n o w in g  th e  im p o rtan ce  o f  the C hesil B each and w anting  
to  in v estig a te  its b eh av io u r fu rth e r, it m an ag ed  an d  m onito red  the incom ing 
w av es and  the d ev e lo p m en t o f  th e  en tire  C h esil B each  coastline from  W est B ay 
to  P o rtland , co llec tin g  in su ch  aw ay  a fie ld  d a ta  fo r a period  o f  th ree  years. 
H ow ever, due to  the ad v e rse  h y d ro d y n a m ic  en v iro n m en t at C hesil, the inshore 
w ave m o n ito rin g  at W y k e  R eg is  w as  d e lay ed  s ig n ifican tly  and su ffered  the m ost 
serious p rob lem s. A ll th e  o th e r o p e ra tio n s  u n d ertak en  to co llec t data w ere 
successfu l.
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The Babtie’s Group field data from Chesil Beach has been used in this chapter. 
The data was applied against the new parametric model and SHINGLE (when 
the conditions were in the range of applicability) in order to investigate the 
accuracy of both models for predicting the development of the profile of 
shingle/gravel beaches in long-term changes.
7.1.2 Description of the data
The field data (3859 wave records) that was used for the derivation of the 
equations was taken from an inshore pressure transducer wave gauge off Wyke 
Regis. The data acquisition was designed to relate to a water depth of 
approximately 10m (10m below chart datum) to represent shallow water 
environment. The 10 metre contour is approximately 200m offshore at the 
location, at the boundary of the flat sandy bed and the more steeply sloping 
pebble ridges descending from Chesil Beach.
A seabed mounted pressure gauge linked to a recording computer ashore was 
first installed. Nevertheless, as a result of a series of physical environmentally 
induced problems with the cable, data was lost during the early months. The 
initial deployment took placed on March 1993 but the delayed starting date was 
10th February 1994, and the deployment was completed on 26th May 1996. The 
average data recovery during this period was 68.5%. (Babtie Group Ltd, 1997)
For the purpose of the current study, only records of the local storms are used 
from the data. The definition of local storm in this context has been taken if 
continuous wave heights were recorded for 3 hours or more that were greater 
than 3m in height. The summary of wave parameters at the biggest local storms 
that occurred between the surveys and the results of the beach grading analysis 
are listed in Table 7-1 and Table 7-2.
The data was taken from three different locations. These locations were selected 
along the study frontage at the west of Burton Bradstock, at Abbotsbury and at 
Wyke Regis, referenced as side A, B and C respectively (Figure 7-2). Three 
profiles were surveyed at each location, referenced as n (north), s (south) and m
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(m idd le) respectively . T hese p ro files  w ere  approx im ately  100 m etres apart, and 
ex ten d in g  from  the beach  crest to low  w ater, typ ically  50 to  150 m etres in 
length . T he beach  slope o f  the th ree  locations varied  from  0.14  to  0.29.
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06500C
350000 360000 370000
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Figure 7-2 L ocation  o f  the three sides (B ab tie  G roup, 1997)
T able 7-1 Sum m ary  o f  w ave p aram ete rs  at the b iggest local storm s m easured
Period  o f  T ine Hmo (m ) T 2 ( s) T P (s) Tm (s) H s/L m SD M .W .L . (m )
D ecem ber 1993-A pril 1994 3.79 9.7 10.2 8.2 0.0365 0.64 18.63
A pril 1994-O ctober 1994 3.68 7.7 7.8 6.2 0.0605 0.59 13.84
O cto b er 1994-D ecem ber 1994 3.45 7.8 9.5 7.6 0.0383 0.56 13.3
D ecem ber 1994-M arch 1995 4.9 8.7 8.8 7.0 0.0633 0.71 21.06
M arch 1995: M ay 1996 3.3 7.7 8.3 6.6 0.0479 0.43 18.29
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where,
Hmo (m) -  Estimation of the significant wave height
T2 (m) -  Zero-crossing period
Tp (m) -  Peak period
Tm (m) -  Average wave period
Hmo/Lm -  Wave steepness
SD (m) -  Standard deviation of the data record
M.W.L. (m) -  Mean water level
Table 7-2 Beach grading results for the three locations
Location A Location B Location C
North Middle South North Middle South North Middle South
Di6 (mm) 14.48 14.48 14.48 15.17 15.17 15.17 29.66 29.66 29.66
D5o (mm) 11.3 11.3 11.3 11.52 11.52 11.52 23.04 23.04 23.04
D85 (mm) 9.31 9.31 9.31 9.31 9.31 9.31 17.93 17.93 17.93
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7.1.3 Model Application
The incoming wave angle for the locations A, B and C was 18°, 25° and 26°, 
respectively. The parameters and the schematisation of the new parametric 
model was developed and applied successfully on the experimental data in 
Chapter 6 . Its range of applicability of slope and incoming wave angle was in the 
low range of slopes and incoming wave angles in the field data (Chesil beach). 
Moreover, the range of applicability of D50 of gravel of the new parametric 
model was in the higher range of D50 of gravel of the field data (Location C). 
Despite that, the same parameters and method of schematisation of the new 
model were used in order the equilibrium average beach profile to be predicted 
for each of the three locations (A, B and C).
After non-linear regression of the field data, equations were derived in order to 
predict each beach profile for each location. The equations and the results are 
shown below. It has to be mentioned that during the derivation of the equations 
the length of the beach of each locations was assumed to be 300m which , in 
location A for example, is the distance from a point 50m northern than A-North 
to a point 50m southern than A-South. The predicted beach profiles were also 
plotted against the predicted profile of SHINGLE (when the conditions were in 
the range of applicability). Moreover, the results of the period April 1994 to 
October 1994 are only shown here due to the fact that it is the only long period 
that both SHINGLE and the new model can be applied. The rest of the results 
are shown in Appendix IV (Al).
For 0 < Xj < Xb
Eq.7-1 ^iL = a ^ i- + b^- + c ^  + d^ + e-!^- + f ^  + g (R2=0.760)n hw hw Xb Lm K cos 0 Lt °  v 7
where,
a, b, c, d, e, f and g are constants with values of 
a= 0.334544502
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b= 0.358845923
c= -4.896054137
d= 0.00214
e= -0.364430734
f= -0.016
g= 0.403954745
For Xb < Xj < Xw
Eq.7-2 = a + b ln(A) + c ln(A)2 + d ln(A)3 + e ln(A)4nw
+fln(A)5 + §  + £  + £  + £  + £
where,
YjXj=  /  j j \  
\h„Xw/A
B _ / cHmo cos 8 L,\
V  K L j q  m L t  /
a, b, c, d, e, f, g, h, i, j and k are constants with values of
a= 0.99810178
b= 0.600658251
c= 0.300021818
d= 0.084565946
e= 0.01
F= 0.000382
g= 0.0203
+
(R2=0.848)
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h= -0.00155
i= 0.000039
j= -0.000000382
k= 0.00000000127
For Xw < Xj < Xe
Eq.7-3 ^ a ^  + b ^  + c ^  + d ^  + e - ^  + f ^  + g (R2=0.932)
hw hw Xe Lm gTm cose Lt '
where,
a, b, c, d, e, f and g are constants with values of
a= 0.99076347
b= 0.0774
c= 3.001055425
d= 0.542273107
e= 0.372745554
f= 0.0668
g= -0.319404774
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Figure 7-3 Comparison of predicted and measured beach profile for location A-Middle (April ’94-October ‘94)
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Figure 7-5 Comparison of predicted and measured beach profile for location A-South (April ’94-October ‘94)
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Figure 7-6 Comparison of predicted and measured beach profile for location B-Middle (April ’94-October ‘94)
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Figure 7-7 C om parison  o f  p red ic ted  and m easured  beach profile for location B -N orth  (A pril ’94-O ctober ‘94)
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Figure 7-8 C om parison  o f  p red ic ted  and m easured  beach profile  for location B -South  (A pril ’94-O ctober ‘94)
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Figure 7-11 Comparison of predicted and measured beach profile for location C-South (April ’94-October ‘94)
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7 .1 .4  C o n c lu s io n
T he m od ifica tion  o f  the m o d el ag a in s t the  fie ld  data  d id  no t g ive the predictable 
result. R egard less o f  the fact th a t it p red ic ted  the equ ilib rium  average beach 
p ro file  m ore  accu ra te  than  S H IN G L E , in g en e ra l the m odel d id  not predict the 
long-term  changes o f  the b each  accu ra te ly  fo r estim ating  the equilibrium  
average beach  profile. M ore o ften  than  n o t the  p red ic ted  beach  profile was close 
to the in itia l p ro file  show ing  a lack  o f  a c cu ra cy  o f  the m odel w ith  d ifferen t w ater 
level and w ave conditions.
H ow ever, it has to  be m en tio n ed  th a t the  v a lu e  o f  the b iggest storm  event during 
each  period  w as in d iv idua lly  g iv en  as th e  input. T his case did not provide 
in fo rm ation  abou t how  m any  o th e r w av e  s to rm s w ith  low er values and  differen t 
m ean  w ate r levels occurred  at th a t p e rio d  o f  tim e. T he beach  cou ld  have also 
su ffered  from  less severe sto rm s. T ak en  th is  in to  consideration , the resu lts o f  the 
new  m odel w ere no t as bad  as th ey  m ay  seem . T h ey  show  that po tential 
im provem en t o f  the m odel can  be  re ach e d  w h en  it has been  app lied  w ith  m ore 
than  one input. T herefo re , in  o rd e r fo r th e  m o d el to  have m uch  be tte r fit and 
p red ic t the equ ilib rium  av erag e  b each  p ro f ile  lon g -te rm  accurate ly , it has to be 
app lied  w ith  d iffe ren t w a te r level fo r each  s to rm  w ave, w ith  the p red ic ted  profile 
b eco m in g  the in itial p ro file  fo r the  n ew  p re d ic tio n  and  so on.
T he m odel can be m o d ified  in o rd e r to  be  m ore  accu ra te  w hen it is applied 
aga inst m ore labora to ry  and  fie ld  d a ta  w ith  d iffe ren t sed im ents (D 50), w ater 
levels and w ave cond itions.
7.2 THE FINAL MODEL
T h e new  param etric  m odel w as m o d ified  fo r the second  tim e in o rder the final 
new  param etric  m odel to  b e  d ev e lo p ed . T h e  field  and the experim ental data  w as 
used  in o rd e r the final eq u a tio n s  o f  the n ew  param etric  m odel, fo r gravel beaches 
w ith  u n ifo rm  slope, to  be  deriv ed . A fte r n o n -lin ea r reg ression  o f  both  data, the 
d erived  eq ua tions are sh o w n  b e lo w
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For 0 < Xj < Xb
Eq.7-4 ¥ e -  + fcos0 + gri  + h
(R2=0.914)
where,
a, b, c, d, e, f, g and h are constants with values of
a= 0.470099039
b= 0.302512333
c= -0.771142109
d= 0.118108097
e= 0.016543001
f= -1.638214251
g= 0.0279
h= 1.628139375
For Xb < Xj < Xw
Eq.7-5 ^  = a + b ln(A) + c ln(A)2 + d ln(A)3 + e ln(A)4 + f ln(A)5 +hw
+g ln(B) + h ln(B)2 + i ln(B)3 + j ln(B)4 + k in(B)
(R2=0.962)
where,
B = f cHm0 cos 0 Lj KLmmL, )
a, b, c, d, e, f, g, h, i, j and k are constants with values of
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a= 1.030208054
b= 0.642730915
c= 0.32714456
d= 0.0915
e= 0.0108
f= 0.000417
g= 0.0321
h= 0.129519333
i= 0.0716
j= 0.0123
k= 0.00055
For Xw < Xj < Xe
Eq.7-6 r E- = a ^ -+ b ^ -  + c ^  + d ^ -  + e - !!1T + f ^  + g (R2=0.969)hw h w Xe Lm gTm cos 6 Lt
where,
a, b, c, d, e, f and g are constants with values of
a= 0.988884891
b= 0.0753
c= 1.69602196
d= 0.556155128
e= 0.0765
£= 0.047
g= -0.173136352
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7.2.1 Model performance
According to Van Rijn et al. (2003), the question of how good a model is should 
be defined in a more quantitative manner than the usual qualitative ranking 
(excellent, good, reasonable or poor) that is normally applied. This section 
defines a number of statistical parameters that can be used to assess the quality 
of the performance of models. Herein, it is proposed to evaluate the performance 
of the models on the basis of the Brier Skill Score (BSS) (Murphy and Epstein, 
1989; Peet et al., 2002).
For morphology:
in which: Zb = bed level, Azb,m = error of measured bed level, Zb,o = initial bed 
level, index m= measured, index c = computed, <..> = averaging procedure over 
time series.
It is noted that the statistic parameters of bed level is corrected for the 
measurement errors (Van Rijn et al., 2000), being Azb^ n = 0.1 m for bed level in 
field conditions and 0.02 m for laboratory conditions. This latter procedure 
means that the difference between the computed value and the error band 
envelope of the measured parameter is considered.
According to Van Rijn et al. (2003), the performance of a model relative to a 
baseline prediction can be judged by calculating the Brier Skill Score. This skill 
score compares the mean square difference between the prediction and 
observation with the mean square difference between baseline prediction and 
observation. Perfect agreement gives a Brier score of 1, whereas modelling the 
baseline condition gives a score of 0. If the model prediction is further away 
from the final measured condition than the baseline prediction, the skill score is 
negative.
Eq.7- 7 BSS = 1 -  /(j
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The BSS is very suitable for the prediction of bed evolution. The baseline 
prediction for morphodynamic modelling will usually be that the initial bed 
remains unaltered. In other words, the initial bathymetry is used as the baseline 
prediction for the final bathymetry. A limitation of the BSS is that it cannot 
account for the migration direction of a bar; it just evaluates whether the 
computed bed level (at time t) is closer to the measured bed level (at time t) than 
the initial bed level. If the computed bar migration is in the wrong direction, but 
relatively small; this may result in a higher BSS compared to the situation with 
bar migration in the right direction, but much too large (Van Rijn et al., 2003).
The BSS will even be negative, if the bed profile in the latter situation is further 
away from the measured profile than the initial profile. The limitation shown 
here is that position and amplitude errors are included in the BSS. Telling 
position errors from amplitude errors, requires a visual inspection of measured 
and modelled profiles or the calculation of further statistics (Murphy and 
Epstein, 1989; Peet et al., 2002). The BSS can be extremely sensitive to small 
changes when the denominator is low, in common with other non-dimensional 
skill scores derived from the ratio of two numbers (Van Rijn et al., 2003). The 
qualification of model performance is given in the following Table 7- 3. The 
value ranges of Table 7- 3 give a tough set of standards for models to achieve.
Table 7- 3 Qualification of the process parameters, (taken from Van Rijn et al.,
2003)
Qualification Moroholoev: BSS
Excellent 1.0-0.08
Good 0.8-0.6
Reasonable/fair 0.6-0.3
Poor 0.3-0.0
Bad <0
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It was found from the statistical analysis for the final parametric model 
prediction that the BSS for:
1. 0 < Xj < Xb was 0.52
2. Xb < Xj < Xw was 0.78
3. Xw < Xj < Xe was 0.22
According to the standard set here it was found that the present model could be 
treated as a reasonably good model to predict the bed level changes and 
consequently the equilibrium beach profiles.
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C H A P T E R  8  
C O N C L U IO N S A N D  R E C O M M E N D A T IO N S F O R  FUTURE  
R E SE A R C H  
8.1 IN T R O D U C T IO N
In this chapter the conclusions drawn throughout the thesis are put together in 
order to emphasise the knowledge gained within the thesis. A summary of the 
main findings and proposed relationships arising from the present research as 
well as some recommendations for future research are presented here.
The main aim of the present research study was to investigate the 
hydrodynamics and the cross-shore sediment transport of gravel and mixed 
beaches evolved by oblique wave attack. Also, an examination of the influence 
of a feature (trench) in their behaviour was carried out. In order to achieve these 
aims a 1:1 scale 3D physical model was conducted as a central part of this thesis.
The analysis of the experimental data leads to conclusions about the behaviour 
of gravel and mixed beaches and their inter-relationship. The conclusions were 
divided into two categories (wave-induced currents and beach profile response) 
and summarised below.
8.1.1 Wave-induced current
The analysis of the wave-induced currents was divided into the cross-shore and 
long-shore currents. The gravel and mixed beach had similar cross-shore and 
long-shore current velocities. However, it has to be mentioned, in case of 
comparison between the trench and the uniform slope beach, that the trench had 
higher values of cross-shore current velocities for the mixed beach than the
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gravel beach and lower values of long-shore current velocities for the gravel 
beach than the mixed beach compared to the uniform slope beach.
The analysis of the cross-shore currents in both gravel and mixed beaches 
focused on the behaviour of the undertow (reverse flow) and especially its 
behaviour near the bed. The undertow was observed in both trench and uniform 
slope for both types of beach. However, near the bed, the trench had higher 
values of undertow flow compared to the uniform slope beach and also had 
higher values than the mixed beach compared to the gravel beach.
The cross-shore currents near the bed for both gravel and mixed beaches showed 
no reduction of their values and also showed an oscillated direction, from 
seaward to shoreward and from shoreward to seaward, along the cross-shore 
section of the beach. This behaviour including the case where the value of the 
cross-shore current velocity increased instead of being decreased can be caused 
from the permeability of the beach and also the mechanism of the bed-generated 
turbulence. This behaviour influenced the cross-shore sediment transport at the 
bed and it is more noticeable at the gravel beach due to its higher permeability 
compared with the mixed beach.
As far as the behaviour of the long-shore currents is concerned, a long-shore 
flow, in a different direction to the incoming waves, was observed for both 
gravel and mixed beaches at the trench. This behaviour could be due to the 
reflected waves generated at the trench and is more likely due to the fact that the 
irregular beach profile of the trench with the combination of the oblique waves a 
wave-driven circulation current has been created leading to the this return long­
shore current. At the uniform slope beach this return long-shore current was 
observed before the breaking point during Tests 1 and 2 where there were the 
highest wave conditions of the experiment. However, in the case of the return 
flow, that could be explained by the creation of potential rip currents at that 
location.
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8.1.2 Beach profile response
The beach profile response to wave action and especially in storm events is very 
important because storm events dominate erosion.
Powell (1990) noticed that the profile of gravel beaches steepen during storms 
due to crest build up. Lopez de San Roman Blanco (2003) observed that the bed 
step is formed inshore at the location of the breaking waves due to erosion where 
the crest is formed further onshore due to accretion. The size of the active beach 
profile changing depends on the storm magnitude. This behaviour of the gravel 
beach profile was observed during Tests 1 and 2 for both trench and uniform 
slope. However, the beach with the uniform slope shows high erosion below and 
above S.W.L. and the crest was slightly formed further onshore. On the contrary, 
at trench, the beach profile was slightly eroded below the S.W.L. and accretion 
occurred above S.W.L. formed the highest crest along the beach. The behaviour 
of the beach profile along the beach is explained due to the long-shore sediment 
transport occurred by the oblique wave action. As a result, the uniform slope 
eroded and the beach material moved and built-up at the trench. Similar 
behaviour was observed in Test 4. This behaviour was also observed during tests 
for the mixed beach.
The response of the initial profile of the mixed beach to the wave action, led to 
the built-up of material above the SWL and associated erosion below the SWL 
showing similarities with the behaviour of a gravel beach. However, the mixed 
beach developed quite differently than the gravel one did. The main 
morphological differences can be seen at random wave conditions. These were:
• The crest for the mixed beach was of much higher elevation compared to 
the gravel beach. This behaviour is explained by the fact that mixed 
beaches dissipate less energy through infiltration (less permeable) than a 
gravel beach and as a result the run-up will be higher and consequently 
the crest elevation.
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• The extent of the onshore movement is greater than that of gravel
beaches. This is in contrast with the conclusions of Lopez de San Roman
Blanco (2003)
• The step formation was easier to locate for the mixed beach rather than 
the gravel beach.
• The erosion below the S.W.L. was larger for the mixed beach compared 
to the gravel beach. This is the result of the settlement of the sand and 
also its movement offshore.
• Irregularities in the profile (especially at Line 1) were larger for the 
mixed beach.
• The mobility of the mixed beach is greater in comparison with gravel
beach. This is in contrast with the conclusions of Lopez de San Roman
Blanco (2003).
8.2 PR O PO SE D  F O R M U L A T IO N S
The following formulations and model have been proposed, based on the 
research presented in this thesis for gravel and mixed beaches. The range of 
applicability of all the formulas is limited to the wave and beach parameters of 
the present experiment:
• New formula for the longshore velocity at the breaking point, so that 
vB = CtfbSin0bCOS0b with the coefficient C with the following values:
For regular wave conditions
C=0.554 for trench in gravel beaches
C=2.68 for mixed beaches with uniform slope
For random wave conditions
C=0.438 for gravel beaches with uniform slope
C=0.212 for mixed beaches with uniform slope
C=0.412 for trench in gravel beaches
343
Chapter VIII Conclusions and Recommendations for Future Research
• New formula for wave breaking index:
Y = -14.22 + 0.2242? + 0.7682?2 -  0.1143?3 -  0.6504?4
2
+0.1423?s -  21.3294In — — 12.3056fln^)Lo \ Lo/
-3.5954 ( l n ^ ) 3 -  0.5309 ( ln ^ ) 4 -  0.0315 ( ln ^ ) $
• New formula for breaking height:
Hb = O.1657cos0o -  0.1885m + 1.0284H0 + 0.00189L0 -  0.1504
• New formula for breaking depth:
db = —O.O466cos0o -  0.5693m + 1.535H0 -  1.4114^ + 0.0853Lo
• New formula for undertow velocity:
For trench in gravel beaches (regular wave conditions)
—  = -2278.898 + 68^ ° 6 + 775.664A -  _
u Gb  X  X 1
87.836A2 -  1563.506^ + 2W2S6 + 3.224A3 + 89.543 v  +
X X 13 X
776.899 £  + AX
For gravel beaches with uniform slope (regular wave conditions)
U
 = 0.333
UGB
+ 2.815 ln(X) + 5.709 ln(X)2
-  19.254 ln(X)3 
+ 6.966 ln(X)4
-  0.906 ln(X)5 -  1.215A -  0.134A2 + (4.4xlO_3)A3 
+ (2 .8 6 x 1 0 _4)A 4 -  (2 .7 2 9 x 1 0 _7)A5 + AX
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For trench in mixed beaches (regular wave conditions)
—  = -160.807 + 19.584X -  11.530X2 + 2.695X3 -  0.304X4 +
UGB
0.01268X5 + 1933.442 10066.703 . 25203.259 29766.799 . 13102.164A A2 A3 A4 +A5
AX
For mixed beaches with uniform slope (regular wave conditions)
U
 = 0.135
UGB
+ 1.015 ln(X)-1.044A 
+ 38.768 ln(X)2 + 0.686A2 
-  11.093 ln(X)A 
+ 1.734 ln(X)3 -  0.13A3 
+ 1.902 ln(X)A2 -  8.27 ln(X)2A + AX
For trench in gravel beaches (random wave conditions)
—  = -53.142 + 127.971X -  112.891X2 + 49.620X3 -  11.038X4
UGB
+ 0.977X5 -  1.873A + 0.0282A2 -  0.016A3
-  0.00124A4 + 0.000155A5 + AX
For gravel beaches with uniform slope (random wave conditions)
U 1632.502 1485.708 „ , = 592.981------------   178.205A + ----- + 16.502A2
uGB * X^
A 445.855 , A2+ 328.302- - r -------0.507A3 -  15.449 —
X X 3 X
A-  150.941^2 + AX
For trench in mixed beaches (random wave conditions)
—  = 33.472 -  64.842X + 47.024X2 -  18.41X3 + 3.42X4 -  0.241X5
UGB
+ 4.626A -  2.842A2 + 0.9A3 -  0.133A4 + 0.0068A5 
+ AX
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For mixed beaches with uniform slope (random wave conditions)
U = 0.533 + 3.881 ln(X) -  1.553A
UGB
-  10.534 ln(X)2 -  0.382A2 
+ 3.182 ln(X)A
-  127.824 ln(X)3 + 0.481A3
-  9.071 ln(X)A2 + 57.488 ln(X)2A + AX
New formula for long-shore current velocity:
For trench in both gravel and mixed beaches (regular wave conditions) 
ForO<X<l
— = B,XP> + AXVo
For X>1 
V = -101705.154
vo
+ 18.494 ln(X) -  37.546 ln(X)2 + 35.384 ln(X)3
- 665.386 1.733
-  15.066 ln(X)4 + 2.341 ln(X)5 + --------------
2 .2 4 x l0 “ 3 1 .4 5 x l0 -4  3 .71X 10"10
p 3  p 4  p 5
For gravel and mixed beaches with uniform slope (regular wave 
conditions)
For 0<X<1
— = 70174.738Z3 -  169318.731Z2 + 135695.725Z -Vo
-36105.255
For X>1
V 860.318 1.01 339.42 1.66xl0-3 2.196
— -  -177.316 -  + —  jj2 p2 + XP
100.535 8.42xl0-7 1.43xl0-3 0.52
X3 + P3 XP2 + X2?
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For trench in both gravel and mixed beaches (random wave conditions) 
For 0<X<1
= —5152513.157Z7 + 25185233.7Z6 -  52369077.84Z5
vo
+ 60030146.93Z4 -  40955313.23Z3 + 16624677.17Z2 
-  3716458.238Z + 352848.033
ForX>l
V 1047.845 264.861— = 820.091-------   1169474.046P + —Vq X X
. P 20.06+ 542259155.4P2 + 1099136.529-X XJ
P2 P
-  81322770544P3 -  2 8 4 9 3 9 9 0 4 .4 1 4 2 0 4 1 .1 7 8 ^
For gravel and mixed beaches with uniform slope (random wave 
conditions)
For 0<X<1
V
— = 80196.904 -  1089.686X + 3431.418X2 -  5304.364X3 
"o
+ 4022.446X4 -  1198.603X5 -  291109103.436P 
+ (4.21469xl0n )P2 -  (3.03686xl014)P3 
+ (1.08894236469046x1017)P4 
-  (1.55460815105334x1019)P5
ForX>l
V 7 0 .5 5 7  0 .1 0 9  5 4 .8 6 2  3 .16X 10"4 0 .3 1 7  4 .2 0 2
— -  - 8 .8 6 9  -  + —p x2 p2 + _ xp X3
2.65x10”7 3.38xl0-4 0.102 
+ P5 XP2 + X2P
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• New formula of the step elevation, so that zstcp = CjHbTWs, with the 
coefficient C taking the following values:
For regular wave conditions 
C=0.5 for trench in both gravel and mixed beaches 
00.662 for trench in mixed beaches 
00.465 for trench in gravel beaches
00.364 for both gravel and mixed beaches with uniform slope 
00.472 for mixed beaches with uniform slope 
00.341 for gravel beaches with uniform slope
For random wave conditions
00.374 for trench in both gravel and mixed beaches
C=0.473 for trench in mixed beaches
00.299 for trench in gravel beaches
00.362 for both gravel and mixed beaches with uniform slope 
00.412 for mixed beaches with uniform slope 
00.322 for gravel beaches with uniform slope
s 3
• New formula of the berm elevation, so that Bh = C(Hby*(gT2)s, with 
the coefficient C taking the following values:
For regular wave conditions
0 0 .12  for trench in both gravel and mixed beaches
00.658 for trench in mixed beaches
00.118 for trench in gravel beaches
00 .08  for both gravel and mixed beaches with uniform slope
00.089 for mixed beaches with uniform slope
00.078 for gravel beaches with uniform slope
For random wave conditions
00.107 for trench in both gravel and mixed beaches
00.121 for trench in mixed beaches
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C=0.093 for trench in gravel beaches
C=0.144 for both gravel and mixed beaches with uniform slope 
C=0.157 for mixed beaches with uniform slope 
C=0.13 for gravel beaches with uniform slope
• New empirical parametric model for predicting the equilibrium beach 
profile of both gravel and mixed beaches (uniform slope and trench). It is 
described in Chapters 6 and 7.
8.3 R E C O M M E N D A T IO N S F O R  F U T U R E  R ESEA R C H
The present research work was a step forward in understanding the 
hydrodynamics and the cross-shore sediment transport of gravel and mixed 
beaches evolved by oblique wave attack and their interaction. However, there is 
a need for more research work in the future. The recommendations for future 
research, which are generally correlated in further laboratory experiments, are 
listed below:
• During the present experiment the mixed beach was composed of 40% 
sand and 60% gravel. The mixed beach with high percentage of sand can 
behave more like a sand beach and it can behave more like a gravel 
beach with a high percentage of gravel. An investigation of a wide range 
of sediment mixtures to determine the influence of the ratio of each 
component to the whole sediment mix is needed, as well as to determine 
from which ratio they behave like gravel beaches, from which ratio 
onwards they behave like sand beaches and what happens in between this 
situations.
• An investigation into the different sediment sizes of gravel and of sand 
will give more information about the behaviour of gravel and mixed 
beaches for varying porosity, permeability and infiltration /exfiltration.
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• The profile response of both gravel and mixed beaches has to be 
examined by changing the factor of influence. Therefore, investigation 
into the effect of different water levels (tides), various wave angles and 
various wave heights and periods is needed. The change of water level 
and the wave heights periods can show the influence of groundwater and 
different type of wave breaking to the sediment transport of the beach.
• At the present experiment the feature of the trench was investigated. 
However, this investigation was based on a trench with the same width, 
height, length and orientation. The influence on sediment transport and 
furthermore to the beach profile response of various sizes and 
orientations of the trench in gravel and mixed beach can then be 
investigated.
• The combination of all the above recommendations in one extensive 
laboratory experiment will constitute a vast improvement of the 
knowledge and understanding of how the gravel and mixed beaches 
behave. The results from this experiment will be used in order to improve 
the accuracy of the current formulae and also will give the opportunity to 
derive and develop new ones.
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A l. The wave basin and the construction of both beach models
Figure A l -  1. T he w av e  p ad d le s
F igure A l - 2. T h e  lo ca tio n  w h e re  the  m o d e l b each  w as con stru c ted  at
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F igure A l - 3. F irst s tag e  o f  c o n s tru c tio n
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Figure A l - 4. C o n stru c tio n  o f  the  u n ifo rm  slope
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Figure A l  - 5. T he g rav el b each
F igure A l - 6. T he m ix ed  b ea ch
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Figure A l - 7. T he re in fo rcem en t o f  th e  re a r  s id e  o f  th e  m odel (left side)
F igure A l - 8. T he re in fo rcem en t o f  the re a r  s ide  o f  the m odel (righ t side)
APPENDICES_________________________________  Appendix I
Figure A l  - 9. T he re in fo rce m e n t o f  th e  r ig h t s id e  o f  the  m odel
Figure A l -  10. T he ad d itio n a l s tru c tu re
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Figure A l -  11. T he w a lk w ay  th a t co n n e c te d  th e  m o d e l beach  w ith  the side o f  the
w a v e  b a s in
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A2. In s tru m e n ta t io n
Figure A l -  12. T he six w av e  g au g e s
Figure A l-  13. T he co m p o n en ts  o f  th e  w av e  g au g e
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Figure A l - 14. The location of the wave gauges compare to the beach
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A3. The components of the wave generation system and the software used 
A3.1 The DHI Wave Synthesizer -  computer Control
For the computer control of the wave generation process, the Wave Synthesizer 
(WS) package was used. The WS was a menu-operated software package for PC 
computers for the generation of wave control signals, for on-line control of the wave 
paddle, for data logging, and data analysis. The WS had options for the generation 
of regular as well as random waves. Irregular random waves can be synthesized 
from a large number of spectrum types.
Noises filtering techniques or iFFT techniques were used together with the 
appropriate Biesel transfer function to synthesise the wave generator series. The 
duration of the control signal, which was non-repetitive, was limited only by the PC 
data storage capacity. The steering frequency could be selected by the operator and 
was typically between 20 and 40Hz.
The wave generator was controlled in real-time mode from the PC by a quartz 
clock. The wave generator could be started and stopped at any time from the PC.
Simultaneously with the wave generator on-line control, the WS permitted quartz 
clock controlled data acquisition from 16 analogue input channels. The sampling 
frequency was user-defined. Data were stored in standard format on disk for flexible 
post-processing and display.
The measuring time series could be analysed by a set of time series analysis 
programmes. The WS could produce graphic output on suitable monitors and 
printers. Data could be displayed in time series format or in bar diagrams, and 
spectra in standard format.
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A3.2 WAVEPC Software (Franzius-Institut, 1993)
The WAVEPC software package was established on IBM-compatible Micros as a 
development of the WAVE 100-Software. The aim of the software was to enable the 
user in the field of sea state simulation and analysis and it could be used also for 
periodic signal analysis. The programs in WAVEPC were developed to work with 
in hydraulic models in wave tanks. They enclosed
- the definition of wavetrains (time-serials)
- the creation of control-signals for a wave paddle
- the driving of a wave paddle and simultaneously measurement in the 
model
- the analysis of a measurement and
- a short list of utilities for data monitoring and managing.
An overview of the programs that were available for control signal creation and 
analysis is shown at the following Figure A3- 15.
The overview was organised like a typical test run in a hydraulic model:
1 . creation of a control-signal
2 . control and measurement in the model
3. analysis of measurement and definition of new control signal
The routines of WAVEPC were developed for a broad band of application. The user 
was often asked to enter parameters.
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CNSET RWSET SPSET PESET EWSET
Signal
creation
CSCRE
I
CMPC, DA, AD, ADMESS Signal in/out
I
ANWAFT
ANWAFG
ANWAFF
ANIRF
I
SMCAL
HMOCAL
HSTIMD
I
PAVTIME
PAVDIST
PAMERGE
PARATIO
Signal
analysis
CHANFRED
MIXIFRED
CHANTIMD
MIXITIMD
FASTFTSP
etc.
DAPLOT
SPLOT/SPLOT2
XYPLOT/XYPLOT2
File
handling- 
and Plot- 
utilities
Figure A3-15. Programs of WAVEPC (Franzius-Institut, 1993)
A3.2.1 Signal Creation
The first two steps on the way to the control-signal for a wave paddle were:
1 . definition of regular or irregular waves to be produced in a wave-tank and
2 . computation of a control-signal on the basis of a time-series or spectrum.
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A3.2.1.1 Defining procedures in Time- and Frequency Domain
View routines dealt with the definition of regular and irregular waves. During the 
experiment only the routines RWSET and SPSET were used. The output files 
contained frequency domain data. Moreover, due to hardware restriction of the 
analog output card the digitising rate ought to be 1 0 msec or an integer multiplex of 
1 0 msec; on this account the user was asked to define the minimum digitising rate. 
The routines was then fit the chosen wave parameter with the minimum digitising 
rate and came out with a time increment which was equal or an integer multiplex of 
the desired one and possible fitted the desired wave parameter.
Example:. wave period T = 2sec
minimum rate dt = 1 0 msec 
blocksize N = 32
—► T/N = 2/32 = 0.0625
RWSET: DT = 0.070 —► T = 2.24sec
If desired DT is 0.06sec, the input wave period T ought to be T = 1.92sec.
The routine RWSET defined a regular wave profile of I., II., III. or V. Stokes Order 
theory. For purpose of the experiment, RWSET defined a regular wave profile of I. 
Stokes Order theory.
As far as the routine SPSET is concerned, it defined the frequency domain data of 
an irregular wave train. Moreover, there were three paths available to follow for the 
definition of the spectrum:
1. calculation of a theoretical energy distribution (PM, JONSWAP) combined 
with random phase distribution,
2 . calculation of the energy distribution according to wind parameter 
combined with random phase distribution, and
3 . manual design of energy distribution combined either with manual design of 
phase distribution or random phase angles.
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For purpose of the experiment, the first path was followed for the definition of the 
spectrum.
A3.2.1.2 CSCRE (Control signal CREation)
This is the second step on the way to a control signal for a wave paddle. CSCRE 
asked for a file with frequency domain data of the desired wave train. The routine 
calculated the control-signal for a specified wave padle with respect to
- machine layout (type of movement, calibration paddle 
displacement/voltage)
- transferfunction wave paddle
- hydraulic transferfunction (displacement of paddle/water surface 
elevation)
- transferfunction of distance: phase lag at a certain distance from wave 
paddle.
The possibility to reduce the digitising rate of the control signal compared to the 
input file with the wave data was opened by CSCRE. This was occurred by 
extending the frequency domain with additional frequency components set to zero. 
Extending the frequency domain with factor 2 meant halving the digitising rate of 
the time domain data but doubling the number of frequency components.
The hydraulic transferfunction was calculated by the linear wave paddle theory 
(Ursell et al., 1958). The transferfunction of distance calculated a phase shift of each 
frequency component to be given to the wave paddle in order to compensate the 
phase velocity of the frequency component. The amplitude remained uncharged.
CSCRE finished with a protocol written on the screen and a text-file. The protocol 
was a print put of the header of the control-signal file. The header information of the 
control-signal was also listened when using CMPC.
390
APPENDICES Appendix I
A3.2.1.3 Control and Measurement: CMPC
CMPC was designed for control and measurement purposes on IBM-compatible 
PCs under the MS-DOS operating system. CMPC had 3 tasks:
1. Measurement
2. Control Signal Output or
3. Measurement and Control Signal Output
CMPC combined two tasks (control signal output, measurement) in one program. In 
case of Measurement the necessary parameter could be entered directly or read from 
a file. If the task was only measurement, CMPC would ask for the digitising rate. In 
case of control signal output the digitising rate would be the same as the rate of the 
output signal.
The operation of measurement was performed LANZ (number of measurements for 
each channel) times on every input channel and stopped when the LANZ data 
samples were caught. One file created for each input-channel and another file with 
all parameter important for analysis of the measured data.
In the Control Signal Output case a file with control signal was needed. CMPC read 
the stored control-signal time series and wrote the header on the screen.
A3.2.2 Signal Analysis
The programs of the Signal Analysis allowed the analysis of a measured or 
computed time series. The routines would carry out an interactive dialogue with the 
user. Parameter could partly be read from files. The results of the analysis were 
written to the screen and a textile. Optional the analysed time series and the
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computed data (spectra and zero crossing data) could be stored in files. During the 
experiment, ANWAFT was the program of the signal analysis which was used.
A3.2.2.1 Analysis in Time-and Frequency domain: ANWAFT
ANWAFT calculated characteristic wave heights of a time series according to 
different analysis techniques in time and frequency domain. The characteristic wave 
heights were:
- = 4 ^  (Eq.5)
- H1/3 medium of 33% highest waves of a record,
- Hi/io medium of 1 0 % highest waves of a record,
- Hmax maximum wave height of a record.
H1/3 , Hi/io and Hmax were calculated with a zero-downcrossing routine, using a 
threshold level of 0.01 x H1/3. The analysed wave train, the resulting frequency 
domain data as well as the parameters of individual waves were stored optionally in 
files.
A3.2.2.1.1 Data input
During the experiment, the measurement with PC was used as the time series to be 
analysed in ANWAFT. In this case, the several channels (analog input channels) 
could be analysed in one program run. If the time series to be analysed contented 
more than 2 0 ,0 0 0  samples, then only the samples 1 to 2 0 ,0 0 0  could be analysed. 
The parameter necessary for the analysis could be divided into two groups:
- wave gauge parameter, they were individual for each channel 
analysis parameter, they were global for all channels.
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The wave gauge parameter and the analysis parameter could be put into two files for 
easy cal of ANWAFT, The parameter list read from files had to be confirmed by the 
user.
A3.2.2.1.2 Calculation method
The program analysed data with increasing order of channel number. If the 
calculation with the actual file was terminated, the output files were closed and the 
next data file was opened for calculation.
The wave gauge parameter and the analysis parameter were read firstly and then the 
loop over all files was opened. Each time series was analysed record wise in the 
above mentioned way, according to the analysis parameter. The wave height Hmo 
was calculated from the power spectrum density. ANWAFT tried to extend the 
spectrum with zero values to provide a smaller digitising rate before calling the 
zero-down crossing routine.
The maximum number of samples in a time series (N-blocksize) was 4096 and if N 
was less than 4096 then the spectrum would be extended in the frequency domain 
up to factor “4”. The zero-down crossing routine came out with H1/3 , H1/10 and
Umax*
Moreover, if sufficient data samples were available, then the computation in one 
time series was repeated NBLOCK (number of records) times. Nevertheless, if there 
were not sufficient data samples available, then ANWAFT would finish the analysis 
and continued with the next data file.
The average of H1/3 and H 1/10 was calculated and printed out when NBLOCK was 
less than one. The average values for the power spectrum density were also 
calculated.
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A3.2.2.1.3 Output
The input parameter and the calculated characteristic wave parameter were written 
to the screen. Additionally at least one, optional up to five files were created.
1. The text file
2. The wave file
3. The spectrum file
4. The zero crossing file and
5. The parameter file.
The text file was created automatically but the other files were generated optionally. 
The text file contained the same parameter list as the text written to the screen with 
the results of the calculation.
The analysed time series from the beginning of the first to the end of the last 
analysed record was stored (no calibration applied and only measured data with 
dimension mV) in the wave file.
In the spectrum file the frequency domain data were stored, The phase angle 
information was available only if NBLOCK is equal to 1 and if NBLOCK > 1 
average values of the power spectrum density were calculated and written to this 
file, the frequency domain data in rectangular and polar coordinates were set to 
zero.
The results of the zero-down crossing analysis were contained in the zero crossing 
file. If NBLOCK >1, only the zero crossing data of the last analysed record were 
stored here.
The parameter file contained the same header as the text file. The header was 
followed by a dataset for every analysis round with wave heights (same parameter 
as in the text file) and a number of frequency components (power spectrum and 
phase angle).
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APPENDIX II
Al. The wave measured parameters
The wave measured parameters are listed below:
- Hmo : zeroth-moment wave height equal to four times standard deviation
of sea- surface elevations
- H1/3 : mean height of 33% highest waves of the record,
- Hi/io • mean height of 1 0 % highest waves of a record,
- Hmax .* maximum wave height of a record,
- Hrms : root-mean- square wave height,
- Hmean : mean wave height,
- mean Hmo,
- TH1/3 : mean period of mean wave height of 33% highest waves of a
record,
- THi/io : mean period of mean wave height of 1 0 % highest waves of a
record, and
- THmax : mean period of maximum wave height of a record.
Table A2- l.W ave measured parameters at Test 1
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
H i 'o' 3, 35.774 30.557 30.978 31.606 33.456 32.715
H,/3 (cm) 27.945 24.382 25.137 26.806 26.733 25.338
Hi/io (cm) 28.436 25.589 25.660 27.185 27.060 25.675
Hmax (cm) 28.912 27.086 26.208 27.667 27.552 26.052
Hrms (cm) 26.916 23.007 24.177 25.855 25.929 24.474
Hmean (cm) 26.889 22.968 24.155 25.766 25.849 24.454
TH,/3 (sec) 2.011 2.013 2.016 2.016 2.017 2.016
THi/io (sec) 2.013 1.997 2.015 2.015 2.013 2.017
THmax (sec) 2.009 1.994 2.035 2.053 2.015 2.012
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Table A2- 2. Wave measured parameters at Test 2
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
Hmo (cm) 29.724 29.144 21.409 27.453 27.214 20.784
H1/3 (cm) 26.054 26.458 22.287 26.143 25.349 21.761
Hmo (cm) 26.676 27.187 22.843 26.591 25.786 22.319
H m a x  (cm) 27.607 28.216 23.213 27.179 26.154 23.027
H r m s  (Cm ) 21.177 22.017 19.466 25.130 24.459 20.117
H m e a n  (Clll) 20.093 20.920 18.773 25.077 24.412 19.870
TH,/3 (sec) 3.007 3.009 3.001 3.006 3.007 3.003
THi/io (sec) 2.999 3.004 2.984 3.002 2.991 2.997
T H m a x  (sec) 3.046 3.009 3.011 2.973 3.017 3.019
Table A2- 3. Wave measured parameters at Test 3
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
Hmo (cm) 11.549 9.283 11.265 10.856 11.088 10.982
H1/3 (cm) 8.923 7.352 8.492 8.330 8.685 8.610
Hi/io (cm) 9.330 7.646 8.674 8.575 8.938 8.774
Hmax (Clll) 10.312 8.957 9.242 8.945 9.104 9.078
Hrms (cm) 8.494 6.871 8.111 7.939 8.206 8.242
Hmean (Ciu) 8.463 6.841 8.052 7.912 8.176 8.212
THi/3 (sec) 2.016 2.016 2.013 2.014 2.014 2.016
THj/io (sec) 2.010 2.015 2.007 2.010 2.012 2.008
THmax (sec) 1.900 1.881 1.882 2.019 2.011 1.879
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Table A2- 4. Wave measured parameters at Test 4
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
H„,o (cm) 10.566 8.752 10.835 10.785 11.847 11.079
Eta (cm) 8.773 7.248 8.832 8.389 9.221 9.206
Hi/io (cm) 9.253 7.591 8.972 8.550 9.383 9.350
Hnuu (cm) 9.829 8.312 9.134 8.749 9.496 9.425
Hm* (cm) 8.258 6.913 8.363 8.063 8.874 8.797
Hmetn (Cui) 8.218 6.897 8.298 8.049 8.866 8.775
THi/3 (sec) 3.002 3.005 3.009 3.002 3.010 3.009
THi/io (sec) 2.984 2.989 3.009 3.009 3.011 3.009
THmax (sec) 3.005 2.762 3.014 2.994 3.020 3.008
Table A2- 5. Wave measured parameters at Test 5
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
H m o  (cm) 12.603 10.585 10.848 10.897 10.749 10.841
H1/3 (cm) 11.805 10.140 10.383 10.705 10.450 10.485
H i / i o  (cm) 15.686 12.886 12.838 13.380 13.311 13.177
H m a x  (Clll) 21.245 17.562 19.024 17.103 17.692 17.520
Hrms (cm) 8.253 7.077 7.319 7.523 7.378 7.369
H m e a n  (cm) 7.058 6.153 6.446 6.587 6.417 6.470
T H 1 / 3  (sec) 2.236 2.265 2.258 2.206 2.247 2.264
THj/io (sec) 2.240 2.239 2.247 2.288 2.303 2.270
T H m a x  (sec) 2.103 2.104 2.116 2.127 2.235 2.080
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Table A2- 6 . Wave measured parameters at Test 6
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
Hmo (cm) 12.401 10.819 11.057 10.957 11.036 11.049
H1/3 (cm) 12.689 11.062 11.384 11.171 11.378 11.282
Hi/i# (cm) 16.693 14.652 15.310 15.319 15.889 15.099
Hnuu (cm) 21.256 19.316 19.037 20.332 21.648 20.653
Hrmi (cm) 8.866 7.607 7.872 7.686 7.864 7.725
Hmean (Cui) 7.642 6.424 6.668 6.418 6.537 6.479
TH,/3 (sec) 3.206 3.284 3.217 3.108 3.158 3.244
THi/jo (sec) 3.156 3.274 3.094 3.181 3.212 3.184
THmax (sec) 3.259 3.269 3.210 3.117 3.194 3.266
Table A2- 7. Wave measured parameters at Test 7
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
Hmo (cm) 11.536 9.526 12.043 11.214 9.823 11.041
H 1 / 3  (cm) 8.531 7.407 8.796 8.685 7.603 8.570
Hi/io (cm) 8.619 7.768 8.935 8.839 7.978 8.729
H m a x  (Cin) 8.910 8.946 9.184 9.036 8.770 8.997
f i r m s  (Ciu) 8.311 7.030 8.455 8.284 7.147 8.226
H m e a n  (Clll) 8.282 7.002 8.422 8.253 7.118 8.196
T H , / 3  (sec) 2.014 2.017 2.013 2.014 2.015 2.015
THi/io (sec) 2.006 2.015 2.011 2.016 2.016 2.005
THmax (sec) 1.894 1.886 2.024 2.020 1.946 1.882
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Table A2- 8. Wave measured parameters at Test 8
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
Hno (cm) 9.060 6.581 8.402 10.740 11.006 9.021
H 1/3 (cm) 7.783 5.874 7.363 9.234 8.656 7.673
Hmo (cm) 8.445 6.541 7.686 9.639 8.833 8.075
Hm„  (cm) 9.567 8.099 8.179 9.920 9.260 8.325
Hr*, (cm) 7.099 4.518 6.610 8.545 8.285 5.818
Hmean (cm) 7.064 4.246 6.466 8.514 8.268 5.519
THi/3 (sec) 3.003 3.004 2.998 3.010 3.008 3.005
THi/io (sec) 2.992 2.997 2.970 3.007 3.012 2.995
THmax (sec) 2.745 2.762 2.774 3.024 3.032 2.997
Table A2- 9. Wave measured parameters at Test 9
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
Hmo (cm) 12.748 10.887 11.102 11.067 11.028 10.983
H1/3 (cm) 12.342 10.483 10.497 10.707 10.737 10.540
Hi/io (cm) 15.978 13.333 13.272 13.514 13.782 13.390
Hmax (C lll) 23.092 16.733 18.965 17.399 17.772 18.163
Hrms (cm) 8.726 7.471 7.334 7.613 7.590 7.427
Hmean (cm) 7.643 6.648 6.375 6.686 6.639 6.506
TH,/3 (sec) 2.256 2.290 2.227 2.240 2.233 2.278
THi/io (sec) 2.280 2.240 2.193 2.334 2.305 2.254
THmax (sec) 2.076 2.348 2.161 2.260 2.170 2.147
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Table A2- 10. Wave measured parameters at Test 10
Parameters Wave probes numbers
POO P01 P04 P05 P07 P09
Hmo (cm) 13.809 11.923 11.673 11.793 11.733 11.741
Hj/3 (cm) 13.517 11.646 11.665 11.831 11.604 11.785
Hmo (cm) 17.764 15.765 15.583 16.240 16.282 15.613
Hmax (cm) 23.702 21.918 22.635 21.991 22.882 22.724
Hrms (cm) 9.179 7.841 8.005 7.974 7.891 8.063
Hmean (C lll) 7.598 6.390 6.779 6.485 6.436 6.726
THi/3 (sec) 3.062 2.988 3.033 3.184 3.065 3.053
THj/io (sec) 3.062 3.191 3.167 3.135 3.124 3.187
THmax (sec) 3.276 3.344 3.319 3.000 3.020 3.292
A2. Wave-induced current velocities
Table A 2 -11. Line 1-Test 1
Long-shore Cross-shore Depth Vy Vx Vz
Distance Distance relating to
(m) (m) S.W.L. (m) (cm/s) (cm/s) (cm/s)
2 -0.6 -0.15 11.81 4.22
2 -0.6 -0.20 3.24 0.42
2 -0.6 -0.25 4.71 2.50 1.08
2 -0.6 -0.30 2.76 1.33 0.69
2 -0.6 -0.35 3.17 0.00 0.35
2 -0.6 -0.40 0.46 -2.41 0.05
2 -0.7 -0.15 14.90 3.94
2 -0.7 -0.20 7.42 2.93 1.40
2 -0.7 -0.25 6.69 2.22 1.39
2 -0.7 -0.30 6.28 2.47 0.14
2 -0.7 -0.35 3.86 2.38 -0.15
2 -0.7 -0.40 3.26 0.89 -0.18
2 -0.7 -0.45 1.75 -0.24 -0.37
2 -0.8 -0.15 14.76 2.87
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2 -0.8 -0.20 7.98 2.72 1.12
2 -0.8 -0.25 4.75 2.67 0.76
2 -0.8 -0.30 4.85 0.75 0.57
2 -0.8 -0.35 3.22 0.45 0.21
2 -0.8 -0.40 0.99 0.58 0.09
2 -0.8 -0.45 -1.28 0.00 0.04
2 -0.9 -0.15 12.54 5.20
2 -0.9 -0.20 6.98 1.60 1.13
2 -0.9 -0.25 6.66 2.25 0.07
2 -0.9 -0.30 3.02 0.50 0.51
2 -0.9 -0.35 2.26 -0.78 0.30
2 -0.9 -0.40 1.15 -0.05 0.01
2 -0.9 -0.45 -0.21 -0.24 -0.40
2 -0.15 10.09 1.02
2 -1 -0.20 9.00 0.34 0.86
2 -1 -0.25 4.40 0.08 0.82
2 -1 -0.30 5.00 -0.21 -0.02
2 -1 -0.35 2.84 -0.52 0.38
2 -0.40 1.43 0.29 0.27
2 -0.45 2.39 -0.93 -0.67
2 -1.1 -0.15 12.33 4.27 0.43
2 -1.1 -0.20 9.21 2.33 0.12
2 -1.1 -0.25 4.29 1.46 0.80
2 -1.1 -0.30 2.83 0.91 0.33
2 -1.1 -0.35 1.71 0.39 0.12
2 -1.1 -0.40 1.78 0.25 -0.23
2 -1.2 -0.15 12.81 3.58
2 -1.2 -0.20 7.78 0.58 0.26
2 -1.2 -0.25 5.69 1.70 0.55
2 -1.2 -0.30 3.87 0.34 0.25
2 -1.2 -0.35 5.29 0.65 0.02
2 -1.2 -0.40 1.25 0.08 -0.29
2 -1.3 -0.15 10.97 0.33 -0.45
2 -1.3 -0.20 8.52 0.52 0.50
2 -1.3 -0.25 6.87 -0.96 0.15
2 -1.3 -0.30 7.66 -1.22 0.02
2 -1.3 -0.35 5.83 -1.59 -0.03
2 ' -1.3 -0.40 2.54 0.35 -0.18
2 -1.4 -0.15 10.69 0.72 -0.11
2 -1.4 -0.20 8.03 1.08 0.54
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2 -1.4 -0.25 5.05 0.28 0.48
2 -1.4 -0.30 4.08 -0.56 0.09
2 -1.4 -0.35 2.74 -0.34 0.03
2 -1.4 -0.40 2.35 -0.37 0.17
2 -1.5 -0.15 11.74 0.12 -1.11
2 -1.5 -0.20 8.33 -0.84 -0.22
2 -1.5 -0.25 6.73 -1.40 -0.35
2 -1.5 -0.30 4.09 -0.70 -0.15
2 -1.5 -0.35 3.02 -0.98 0.15
2 -1.5 -0.40 2.90 -0.32 0.08
2 -1.6 -0.15 11.46 0.54 -0.24
2 -1.6 -0.20 8.20 -1.73 0.29
2 -1.6 -0.25 8.39 -1.83 0.49
2 -1.6 -0.30 6.72 -3.40 0.04
2 -1.6 -0.35 3.80 -2.19 0.17
2 -1.6 -0.40 2.25 -2.62 -0.04
2 -1.7 -0.15 13.45 -0.40 -1.46
2 -1.7 -0.20 9.75 -2.38 -1.09
2 -1.7 -0.25 8.24 -4.03 -0.28
2 -1.7 -0.30 9.10 -3.39 -0.59
2 -1.7 -0.35 5.93 -2.26 0.13
2 -1.7 -0.40 4.60 -2.84 0.06
2 -1.8 -0.15 10.60 -1.59 -0.65
2 -1.8 -0.20 8.39 -5.50 -0.43
2 -1.8 -0.25 6.70 -7.10 -0.66
2 -1.8 -0.30 6.24 -6.03 -0.43
2 -1.8 -0.35 3.97 -6.27 -0.21
2 -1.8 -0.40 4.79 -4.14 -0.80
2 -1.9 -0.15 10.85 -1.43 0.02
2 -1.9 -0.20 7.59 -5.24 -0.47
2 -1.9 -0.25 6.72 -4.37 -0.41
2 -1.9 -0.30 6.09 -6.03 -0.40
2 -1.9 -0.35 4.03 -5.15 -0.39
2 -1.9 -0.40 5.23 -2.58 -1.24
2 -2 -0.15 10.26 -2.33 -0.43
2 -2 -0.20 9.85 -5.44 -1.36
2 -2 -0.25 7.78 -7.04 -0.69
2 ' -2 -0.30 7.29 -8.48 -1.28
2 -2 -0.35 6.15 -7.22 -1.00
2 -2 -0.40 2.51 -2.12 0.07
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2 -2.1 -0.15 10.96 -5.82 0.09
2 -2.1 -0.20 9.36 -2.56 -0.51
2 -2.1 -0.25 8.56 -6.47 -0.89
2 -2.1 -0.30 10.40 -5.66 -2.01
2 -2.1 -0.35 6.97 -4.02 -2.16
2 -2.1 -0.40 -2.87 -4.64
2 -2.2 -0.15 10.47 -2.68 -1.17
2 -2.2 -0.20 9.25 -3.08 0.00
2 -2.2 -0.25 9.63 -5.88 -2.34
2 -2.2 -0.30 9.12 -8.46 -1.42
2 -2.2 -0.35 4.60 -2.65 -0.63
2 -2.3 -0.15 9.64 -1.11 -0.82
2 -2.3 -0.20 8.79 -1.12 -0.99
2 -2.3 -0.25 8.63 -4.05 -0.76
2 -2.3 -0.30 7.18 -3.77 -0.22
2 -2.3 -0.35 1.77 -4.06
2 -2.4 -0.15 16.53 -11.95
2 -2.4 -0.20 10.87 -10.65 -0.51
2 -2.4 -0.25 7.98 -6.29 -0.46
2 -2.4 -0.30 7.37 -5.49 -1.09
2 -2.4 -0.35 1.86 -7.11 -0.53
2 -2.5 -0.15 11.14 -0.19 -0.54
2 -2.5 -0.20 10.73 -4.20 0.25
2 -2.5 -0.25 9.48 -5.92 -0.58
2 -2.5 -0.30 7.04 -0.82 -0.68
2 -2.5 -0.35 -4.30 -0.55
2 -2.6 -0.15 -6.58
2 -2.6 -0.20 12.58 -10.03 -0.07
2 -2.6 -0.25 10.87 -5.30 -0.48
2 -2.6 -0.30 8.13 -3.90 -0.52
2 -2.7 -0.15 12.18 -1.11
2 -2.7 -0.20 10.70 -6.68 0.68
2 -2.7 -0.25 9.59 -7.56 -0.49
2 -2.7 -0.30 5.96 -4.88 -0.67
2 -2.8 -0.15 11.64 -8.12 -1.31
2 -2.8 -0.20 11.60 -3.53 -1.12
2 -2.8 -0.25 7.98 -1.79 -0.87
2 * -2.8 -0.30 7.07 -0.03 -1.34
2 -2.9 -0.15 12.37 -6.34
2 -2.9 -0.20 12.25 -6.72 -1.15
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2 -2.9 -0.25 11.60 -12.08 -1.03
2 -2.9 -0.30 4.54 -4.25
2 -3 -0.15 12.40 -6.26 -1.14
2 -3 -0.20 10.40 -7.97 -1.76
2 -3 -0.25 12.48 -11.32 -1.83
2 -3.1 -0.15 12.46 -10.72 -1.92
2 -3.1 -0.20 12.50 -7.72 -2.11
2 -3.1 -0.25 12.05 -12.44
2 -3.2 -0.20 9.91 -7.68
2 -3.2 -0.25 5.49
2 -3.3 -0.20 12.43 -12.95
Table A 2 -12. Line 2-Test 1
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.15 22.87 13.85 -3.04
4 -0.6 -0.20 8.33 5.65 -0.37
4 -0.6 -0.25 8.42 5.37 0.06
4 -0.6 -0.30 5.40 4.82 -0.27
4 -0.6 -0.35 3.36 3.73 -0.29
4 -0.6 -0.40 1.77 1.31
4 -0.7 -0.15 17.08 15.36 -2.71
4 -0.7 -0.20 6.90 7.64 -0.62
4 -0.7 -0.25 4.95 5.77 0.02
4 -0.7 -0.30 5.99 3.89 -0.05
4 -0.7 -0.35 2.83 3.63 -0.65
4 -0.7 -0.40 0.43 0.73
4 -0.8 -0.15 16.59 13.38 -2.18
4 -0.8 -0.20 7.54 6.98 -0.66
4 -0.8 -0.25 4.91 5.94 -0.67
4 -0.8 -0.30 3.98 3.39 -0.06
4 -0.8 -0.35 3.45 2.76 -0.38
4 -0.9 -0.15 18.80 11.87 -2.76
4 -0.9 -0.20 8.86 5.99 -1.12
4 -0.9 -0.25 6.11 4.39 -0.37
4 - -0.9 -0.30 3.56 3.93 -0.31
4 -0.9 -0.35 3.73 1.89 -0.03
4 -1 -0.15 11.74 10.46 -1.92
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4 -1 -0.20 7.02 6.65 -1.41
4 -1 -0.25 4.01 5.97 -1.04
4 -1 -0.30 3.84 4.04 -0.45
4 -1 -0.35 2.78 1.56 -0.46
4 -1.1 -0.15 16.71 11.73 -2.55
4 -1.1 -0.20 7.80 6.44 -1.08
4 -1.1 -0.25 4.73 6.11 -0.87
4 -1.1 -0.30 3.74 4.14 -0.62
4 -1.1 -0.35 2.07 0.25 -0.53
4 -1.2 -0.15 14.87 5.68 -1.64
4 -1.2 -0.20 9.68 3.94 -0.66
4 -1.2 -0.25 5.99 2.90 -0.65
4 -1.2 -0.30 2.00 2.11 -0.05
4 -1.2 -0.35 -0.24 -1.06
4 -1.3 -0.15 16.65 10.91 -2.60
4 -1.3 -0.20 6.77 6.55 -1.74
4 -1.3 -0.25 6.25 4.45 -1.23
4 -1.3 -0.30 3.07 3.51 -0.02
4 -1.3 -0.35 -3.43 -0.07
4 -1.4 -0.15 20.07 11.45 -2.35
4 -1.4 -0.20 11.77 3.95
4 -1.4 -0.25 5.45 2.90 -0.27
4 -1.4 -0.30 3.80 2.65 -0.36
4 -1.4 -0.35 0.80 1.28
4 -1.5 -0.15 21.76 10.62 -1.78
4 -1.5 -0.20 9.16 4.66 -1.27
4 -1.5 -0.25 6.74 3.46 -0.72
4 -1.5 -0.30 4.83 1.50 -0.76
4 -1.6 -0.15 21.69 10.59 -2.30
4 -1.6 -0.20 11.04 5.53 -1.00
4 -1.6 -0.25 6.32 3.47 -0.95
4 -1.6 -0.30 3.93 1.45
4 -1.7 -0.15 20.90 2.86
4 -1.7 -0.20 9.44 1.09 -0.78
4 -1.7 -0.25 7.55 0.95 -1.05
4 -1.7 -0.30 3.75 1.60
4 -1.8 -0.15 22.85 7.45
4 ' -1.8 -0.20 11.79 0.74 -1.67
4 -1.8 -0.25 4.39 -0.80 -1.40
4 -1.8 -0.30 1.17 -0.36
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4 -1.9 -0.15 21.56 2.78 -2.31
4 -1.9 -0.20 10.81 -4.19 -1.32
4 -1.9 -0.25 6.87 0.11 -1.15
4 -2 -0.15 20.72
4 -2 -0.20 7.62 -0.10 -0.84
4 -2 -0.25 5.11 0.90 -0.16
4 -2.1 -0.15 20.33 0.35
4 -2.1 -0.20 10.23 -4.90 -1.62
4 -2.1 -0.25 5.98 -4.45
4 -2.2 -0.15 24.39
4 -2.2 -0.20 10.56
4 -2.2 -0.25 9.07
4 -2.3 -0.15 20.73
4 -2.3 -0.20 11.84 -5.72
4 -2.4 -0.15 16.09
4 -2.4 -0.20 10.27
Table A2- 13. Line 3-Test 1
5.64 -0.6 -0.15 13.53 5.24 0.09
5.64 -0.6 -0.20 10.17 5.13 -0.15
5.64 -0.6 -0.25 6.07 5.02 -0.02
5.64 -0.6 -0.30 3.60 4.22 0.53
5.64 -0.6 -0.35 7.71 3.55 -0.11
5.64 -0.6 -0.40 3.87 2.95
5.64 -0.7 -0.15 12.02 7.51 -1.47
5.64 -0.7 -0.20 9.36 4.93 -1.56
5.64 -0.7 -0.25 6.77 5.19 -0.95
5.64 -0.7 -0.30 7.32 4.34 -1.04
5.64 -0.7 -0.35 7.13 2.44 -0.94
5.64 -0.7 -0.40 4.60 0.30
5.64 -0.8 -0.15 17.26 6.64
5.64 -0.8 -0.20 9.53 4.79 -1.72
5.64 -0.8 -0.25 9.09 3.03 -0.58
5.64 -0.8 -0.30 8.69 3.51 -0.94
5.64 -0.8 -0.35 7.49 1.99 -1.21
5.64. -0.8 -0.40 1.72 -0.02
5.64 -0.9 -0.15 11.72 6.59 -1.58
5.64 -0.9 -0.20 10.17 6.29 -0.99
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5.64 -0.9 -0.25 8.00 3.41 -0.72
5.64 -0.9 -0.30 6.10 3.26 -0.96
5.64 -0.9 -0.35 7.11 2.05 -1.25
5.64 -1 -0.15 14.64 7.59 -2.61
5.64 -1 -0.20 10.93 6.12 -2.03
5.64 -1 -0.25 8.12 5.43 -1.80
5.64 -1 -0.30 7.59 4.43 -1.49
5.64 -1 -0.35 5.28 2.57 -0.90
5.64 -1 -0.40 -4.60 -1.33
5.64 -1.1 -0.15 17.65 10.73 -3.35
5.64 -1.1 -0.20 9.18 6.52 -1.80
5.64 -1.1 -0.25 7.96 6.36 -1.68
5.64 -1.1 -0.30 7.13 5.39 -1.42
5.64 -1.1 -0.35 4.16 4.08 -1.40
5.64 -1.2 -0.15 10.08 2.08 0.26
5.64 -1.2 -0.20 8.65 1.70 0.57
5.64 -1.2 -0.25 7.55 0.38 0.23
5.64 -1.2 -0.30 6.00 2.04 -0.33
5.64 -1.2 -0.35 -0.14 -0.12 0.01
5.64 -1.3 -0.15 21.27 10.80 -3.21
5.64 -1.3 -0.20 9.80 5.25 -1.59
5.64 -1.3 -0.25 8.27 3.04 -0.60
5.64 -1.3 -0.30 5.91 3.95 -0.96
5.64 -1.4 -0.15 22.32 9.41 -2.31
5.64 -1.4 -0.20 11.30 5.36 -1.04
5.64 -1.4 -0.25 8.72 3.17 -0.85
5.64 -1.4 -0.30 4.83 2.19 -0.61
5.64 -1.5 -0.15 12.50 2.98 0.03
5.64 -1.5 -0.20 8.95 1.23 0.48
5.64 -1.5 -0.25 7.09 0.09 -0.29
5.64 -1.5 -0.30 2.43 -1.70 0.04
5.64 -1.6 -0.15 19.59 9.58 -1.25
5.64 -1.6 -0.20 8.79 2.35 0.12
5.64 -1.6 -0.25 7.65 3.51 -0.24
5.64 -1.6 -0.30 2.56 2.34
5.64 -1.7 -0.15 21.54 10.07 -2.18
5.64 -1.7 -0.20 10.17 4.96 -1.15
5.64’ -1.7 -0.25 4.86 2.81 -0.55
5.64 -1.7 -0.30 -2.14 -0.58
5.64 -1.8 -0.15 22.12 8.52 -1.79
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5.64 -1.8 -0.20 10.99 4.75 -1.17
5.64 -1.8 -0.25 5.98 1.96 -0.94
5.64 -1.8 -0.30 -1.03 1.82
5.64 -1.9 -0.15 17.42 5.18 -1.47
5.64 -1.9 -0.20 7.16 2.99 -0.41
5.64 -1.9 -0.25 6.73
5.64 -2 -0.15 21.35 4.88 -1.51
5.64 -2 -0.20 10.08 1.04 -0.50
5.64 -2 -0.25 13.66 10.69
5.64 -2.1 -0.15 18.40 4.85 -1.68
5.64 -2.1 -0.20 6.95 0.27 -0.68
5.64 -2.1 -0.25 -3.96 0.92
5.64 -2.2 -0.15 12.01 -2.84 -1.26
5.64 -2.2 -0.20 3.70 -2.53
5.64 -2.3 -0.15 10.62 -5.45 -0.71
5.64 -2.3 -0.20 0.44 -1.72
5.64 -2.4 -0.15 7.55 -6.75 -0.28
5.64 -2.4 -0.20 -0.70 1.20
5.64 -2.5 -0.15 7.45 -7.92 -0.44
5.64 -2.6 -0.15 7.35 -9.46
5.64 -2.7 -0.15 3.85 -8.91 0.70
Table A2- 14. Line 1-Test 2
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
2 -0.6 -0.10 6.68 3.57 -1.08
2 -0.6 -0.15 -1.54 5.26 -1.18
2 -0.6 -0.20 -3.32 1.50 -0.56
2 -0.6 -0.25 -4.69 -0.36 1.16
2 -0.6 -0.30 -3.75 -0.31 -0.64
2 -0.6 -0.35 -2.36 5.63 -0.64
2 -0.6 -0.40 -2.48 8.65 -0.57
2 -0.6 -0.45 -0.01 7.18 -0.93
2 -0.7 -0.10 7.56 2.01 -0.82
2 -0.7 -0.15 8.42 2.14 -1.35
2 - -0.7 -0.20 4.77 6.19 -1.08
2 -0.7 -0.25 3.41 4.68 -0.64
2 -0.7 -0.30 7.64 3.96 -0.50
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2 -0.7 -0.35 5.54 2.93 -0.14
2 -0.7 -0.40 6.07 3.78 -0.30
2 -0.7 -0.45 4.17 5.18 -0.90
2 -0.8 -0.15 16.85 4.61 -1.90
2 -0.8 -0.20 13.15 1.99 -0.87
2 -0.8 -0.25 16.96 1.57 -0.06
2 -0.8 -0.30 18.10 12.41 -1.67
2 -0.8 -0.35 3.13 12.17 -0.08
2 -0.8 -0.40 6.11 7.73 -0.65
2 -0.8 -0.45 3.12 9.40
2 -0.9 -0.10 18.20 -2.58 -0.21
2 -0.9 -0.15 20.95 4.05 -0.72
2 -0.9 -0.20 6.13 9.53 -0.77
2 -0.9 -0.25 7.02 7.98 -1.32
2 -0.9 -0.30 8.23 13.74 -0.67
2 -0.9 -0.35 3.84 13.21 -0.56
2 -0.9 -0.40 8.54 13.41 -0.87
2 -0.9 -0.45 1.89 10.37 -1.44
2 “1 -0.10 18.86 7.82 -1.72
2 -1 -0.15 16.80 1.95 -1.15
2 -1 -0.20 13.11 9.25 -0.27
2 -1 -0.25 5.77 8.46 -0.45
2 -1 -0.30 2.66 7.05 -0.27
2 -1 -0.35 5.69 8.86 -0.37
2 -1 -0.40 6.96 11.15 -0.72
2 "1 -0.45 5.05 10.41 -1.32
2 -1.1 -0.10 21.04 2.92 -0.54
2 -1.1 -0.15 14.90 4.78 -1.44
2 -1.1 -0.20 6.10 7.07 -1.53
2 -1.1 -0.25 7.98 10.18 -0.87
2 -1.1 -0.30 1.89 10.54 0.04
2 -1.1 -0.35 6.42 11.96 -0.72
2 -1.1 -0.40 2.64 11.48 -1.02
2 -1.1 -0.45 -0.03 5.20 0.12
2 -1.2 -0.10 20.00 -1.46 -0.92
2 -1.2 -0.15 15.15 4.04 -0.62
2 -1.2 -0.20 12.28 4.32 -1.10
2 ' -1.2 -0.25 4.91 12.89 -0.13
2 -1.2 -0.30 4.26 8.60 -1.07
2 -1.2 -0.35 12.37 8.85 -1.17
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2 -1.2 -0.40 9.20 15.45 -1.70
2 -1.2 -0.45 3.83 12.04
2 -1.3 -0.10 13.51 0.24 -0.62
2 -1.3 -0.15 13.17 3.31 -1.43
2 -1.3 -0.20 14.08 4.66 -0.75
2 -1.3 -0.25 12.78 5.36 -0.89
2 -1.3 -0.30 9.29 5.12 -0.81
2 -1.3 -0.35 5.29 9.59 -0.56
2 -1.3 -0.40 0.26 10.35 -0.25
2 -1.3 -0.45 3.54 6.65 -0.84
2 -1.4 -0.10 17.83 2.19 -1.91
2 -1.4 -0.15 18.83 3.06 -0.66
2 -1.4 -0.20 14.96 2.60 -0.62
2 -1.4 -0.25 8.45 7.95 0.10
2 -1.4 -0.30 7.20 11.26 -0.31
2 -1.4 -0.35 7.45 14.09 -1.06
2 -1.4 -0.40 4.59 13.99 -1.16
2 -1.4 -0.45 2.58 7.78 -0.58
2 -1.5 -0.10 19.05 -0.37
2 -1.5 -0.15 20.62 -0.08 -0.79
2 -1.5 -0.20 16.12 4.05 -0.28
2 -1.5 -0.25 6.72 2.31 -0.32
2 -1.5 -0.30 7.11 4.13 -0.34
2 -1.5 -0.35 8.65 5.58 -0.80
2 -1.5 -0.40 6.41 5.09 -1.13
2 -1.5 -0.45 3.38 8.82
2 -1.6 -0.10 8.57 -1.39 -0.43
2 -1.6 -0.15 2.29 1.22 -0.07
2 -1.6 -0.20 8.93 -0.44 -1.42
2 -1.6 -0.25 10.90 -1.52 -1.33
2 -1.6 -0.30 7.93 3.46 -0.99
2 -1.6 -0.35 1.09 12.51 -0.70
2 -1.6 -0.40 2.17 4.88 -0.61
2 -1.6 -0.45 1.90 4.17
2 -1.7 -0.10 0.23 -1.56
2 -1.7 -0.15 20.68 1.42 -1.26
2 -1.7 -0.20 19.88 3.26 -0.10
2 ' -1.7 -0.25 1.36 4.40 -0.43
2 -1.7 -0.30 14.25 5.32 -1.05
2 -1.7 -0.35 10.09 11.10 -1.48
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2 -1.7 -0.40 -0.94 4.96 -0.34
2 -1.7 -0.45 0.84 2.83
2 -1.8 -0.15 8.33 -1.06 -1.26
2 -1.8 -0.20 10.04 0.73 -0.97
2 -1.8 -0.25 9.95 4.12 -0.79
2 -1.8 -0.30 5.87 8.12 -0.70
2 -1.8 -0.35 -3.00 10.50 0.92
2 -1.8 -0.40 -0.86 3.49 -0.04
2 -1.8 -0.45 1.89 1.25
2 -1.9 -0.15 18.79 1.28 -0.99
2 -1.9 -0.20 9.83 0.25 -0.30
2 -1.9 -0.25 9.87 -1.50 -1.00
2 -1.9 -0.30 16.30 -0.55 -1.48
2 -1.9 -0.35 17.66 4.94 -3.44
2 -1.9 -0.40 7.04 7.51
2 -1.9 -0.45 2.78 3.23
2 -2 -0.15 10.86 -8.79 -1.05
2 -2 -0.20 14.20 -10.32 -1.22
2 -2 -0.25 12.16 -3.45 -0.97
2 -2 -0.30 14.84 -1.42 -2.09
2 -2 -0.35 11.89 5.79 -1.57
2 -2 -0.40 6.77 1.49 -0.71
2 -2.1 -0.15 21.73 -1.65 -0.52
2 -2.1 -0.20 19.53 -0.34 -1.67
2 -2.1 -0.25 15.89 0.25 -0.81
2 -2.1 -0.30 13.25 -1.03 -1.75
2 -2.1 -0.35 11.05 -2.57 -2.14
2 -2.1 -0.40 2.53 3.75
2 -2.2 -0.15 10.67 -7.70 -0.92
2 -2.2 -0.20 15.86 -10.81 -1.21
2 -2.2 -0.25 16.75 -4.04 -1.35
2 -2.2 -0.30 6.44 4.42 -0.53
2 -2.2 -0.35 11.78 -1.30 -1.18
2 -2.2 -0.40 -3.35
2 -2.3 -0.10 11.54 -7.66 -3.28
2 -2.3 -0.15 10.33 -12.65 -1.30
2 -2.3 -0.20 8.82 -8.00 -0.41
2 * -2.3 -0.25 16.18 -8.34 -1.69
2 -2.3 -0.30 8.83 -4.56 -0.86
2 -2.3 -0.35 0.61 3.30 -0.63
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2 -2.4 -0.10 2.43 -8.68 -0.82
2 -2.4 -0.15 11.63 -15.43 -1.08
2 -2.4 -0.20 11.01 -11.42 -0.36
2 -2.4 -0.25 13.11 -12.32 -0.74
2 -2.4 -0.30 6.03 -6.21 -0.15
2 -2.4 -0.35 4.08 -3.30 0.07
2 -2.5 -0.10 4.44 -7.13 -2.37
2 -2.5 -0.15 10.11 -13.12 -0.10
2 -2.5 -0.20 9.54 -12.38 -0.53
2 -2.5 -0.25 14.72 -13.11 -1.51
2 -2.5 -0.30 7.62 -10.06 -1.12
2 -2.5 -0.35 4.13 -4.93 -1.30
2 -2.6 -0.10 10.96 -13.99 -0.70
2 -2.6 -0.15 14.00 -16.50 -0.39
2 -2.6 -0.20 11.41 -13.90 -0.70
2 -2.6 -0.25 13.08 -11.83 -0.85
2 -2.6 -0.30 13.29 -11.88 -1.00
2 -2.7 -0.10 5.11 -15.63 -1.21
2 -2.7 -0.15 15.41 -23.64 -0.85
2 -2.7 -0.20 11.91 -20.76 -0.27
2 -2.7 -0.25 7.11 -12.31 -0.71
2 -2.7 -0.30 9.57 -10.67 -1.46
2 -2.8 -0.10 6.24 -0.70 -0.12
2 -2.8 -0.15 9.18 0.01 -0.48
2 -2.8 -0.20 13.51 -18.52 -1.40
2 -2.8 -0.25 13.99 -17.67 -1.74
2 -2.8 -0.30 8.04 -8.98 -1.12
2 -2.9 -0.10 14.51 -20.11 -0.74
2 -2.9 -0.15 16.00 -14.02 0.08
2 -2.9 -0.20 12.05 -14.52 -0.87
2 -2.9 -0.25 4.49 -1.38 -0.44
2 -3 -0.10 0.68 -10.80 -1.76
2 -3 -0.15 13.66 -16.45 -0.58
2 -3 -0.20 10.29 -6.36 -0.47
2 -3 -0.25 7.87 -10.24 -1.64
2 -3 -0.30 0.36 -0.24
2 -3.1 -0.10 19.05 -25.06 -0.48
2 * -3.1 -0.15 12.97 -17.54 -0.72
2 -3.1 -0.20 11.35 -9.65 -1.06
2 -3.1 -0.25 3.33 -5.86 -0.46
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2 -3.2 -0.10 14.46 -13.23 -1.31
2 -3.2 -0.15 12.36 -15.27 -0.51
2 -3.2 -0.20 10.55 -7.47 -0.59
2 -3.3 -0.10 10.77 -11.08 -0.36
2 -3.3 -0.15 8.61 -5.48 -0.96
2 -3.3 -0.20 8.46 0.44
2 -3.4 -0.10 6.15 -3.05 -0.22
2 -3.4 -0.15 10.00 -0.17 -1.18
2 -3.4 -0.20 9.51 1.30 -0.94
2 -3.5 -0.10 9.37 -0.48 -2.32
2 -3.5 -0.15 8.47 -0.55 -1.33
2 -3.5 -0.20 5.38 -0.39 -1.53
2 -3.6 -0.10 9.09 -4.49 -1.11
2 -3.6 -0.15 5.66 1.92 -0.36
2 -3.6 -0.20 0.39 2.55 0.97
2 -3.7 -0.10 5.69 1.28 -0.82
2 -3.7 -0.15 4.96 3.03 -0.67
2 -3.7 -0.20 1.49 0.68 -0.04
2 -3.8 -0.10 4.17 1.55 -1.14
2 -3.8 -0.15 4.81 2.64 -0.92
2 -3.9 -0.10 2.99 3.27 -1.20
2 -3.9 -0.15 2.55 1.57 -0.44
2 -4 -0.10 2.72 -0.33 -2.54
2 -4.1 -0.10 15.90
2 -4.2 -0.10 -0.27
Table A2- 15. Line 2-Test 2
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.15 4.18 9.33 -0.22
4 -0.6 -0.20 4.73 13.04 0.49
4 -0.6 -0.25 2.01 14.51 -0.77
4 -0.6 -0.30 0.65 16.37 -1.09
4 -0.6 -0.35 -1.98 12.23 -0.57
4 -0.6 -0.40 2.59 9.35 -0.46
4 * -0.7 -0.10 -3.85 6.02 -0.13
4 -0.7 -0.15 4.05 10.22 -0.09
4 -0.7 -0.20 -2.02 11.17 0.00
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4 -0 .7 -0 .25 -4 .81 10.70 -0 .13
4 -0 .7 -0 .3 0 -2 .73 12.49 -0 .74
4 -0 .7 -0 .3 5 -0 .18 9 .48 -0 .37
4 -0 .7 -0 .4 0 3 .02 6.52 -1 .55
4 i o 00 -0 .1 0 -0 .5 0 7 .80 0.11
4 1 o 00 -0 .1 5 1.87 11.79 -0.41
4 -0 .8 -0 .2 0 0 .55 9.96 -0 .06
4 -0 .8 -0 .2 5 -2 .37 11.91 -0 .33
4 -0 .8 -0 .3 0 -4 .12 10.11 0 .18
4 • o 00 -0 .3 5 0 .78 9 .58 -0 .28
4 -0 .8 -0 .4 0 2 .6 6 3.90
4 i o VO -0 .1 0 -0 .41 -0 .14
4 -0 .9 -0 .1 5 -0 .15 12.72 -0 .69
4 -0 .9 -0 .2 0 -2 .99 7 .8 0 -0 .05
4 -0 .9 -0 .2 5 -2 .0 6 8.49 0 .02
4 -0 .9 -0 .3 0 -2 .0 9 8.33 -0.23
4 -0 .9 -0 .3 5 0 .2 5 9 .3 4 -0 .35
4 -0 .9 -0 .4 0 1.88 1.20
4 -1 -0 .1 0 7 .3 9 10.81 -0 .58
4 -1 -0 .1 5 -1 .18 12.49 -0 .40
4 -1 -0 .2 0 -2 .21 11.64 -0 .30
4 -1 -0 .2 5 -1 .8 9 8 .44 -0 .47
4 -1 -0 .3 0 -1 .75 9 .87 -0 .33
4 -1 -0 .3 5 2 .1 4 7 .90 -0 .93
4 -1.1 -0 .1 0 2 .9 0 -1 .77 -0 .62
4 -1.1 -0 .15 7 .0 7 4 .4 9 -0 .68
4 -1.1 -0 .2 0 0 .35 2 .16 0 .12
4 -1.1 -0 .2 5 -0 .6 8 -8 .75 0.15
4 -1.1 -0 .3 0 1.35 -9 .20 -0 .02
4 -1.1 -0 .3 5 3 .57 -1 .09 -0 .53
4 -1 .2 -0 .1 0 3 .6 0 -3 .26 -1 .05
4 -1 .2 -0 .1 5 6 .85 -2 .22 -1 .14
4 -1 .2 -0 .2 0 4 .53 -3 .94 -1 .03
4 -1 .2 -0 .2 5 4.11 -5 .06 -0 .86
4 -1 .2 -0 .3 0 3 .96 -1 .77 -1.21
4 -1 .2 -0 .35 0 .5 4 -0.81 -1 .50
4 -1 .3 -0 .15 9 .83 -1 .98 -1 .43
4  ' -1 .3 -0 .2 0 6 .45 -4 .06 -1 .16
4 -1 .3 -0 .25 4 .8 7 -3 .56 -1 .50
4 -1 .3 -0 .3 0 6 .36 -1 .65 -1 .64
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4 -1 .3 -0 .35 3 .14 -0 .44
4 -1 .4 -0 .1 0 4 .3 6 -4 .92 -0 .99
4 -1 .4 -0 .15 6 .96 -4 .38 -1 .07
4 -1 .4 -0 .2 0 5 .96 -4 .00 -0 .78
4 -1 .4 -0 .2 5 6.71 -3 .78 -0 .88
4 -1 .4 -0 .3 0 4 .7 4 -0 .95 -0 .54
4 -1 .5 -0 .1 0 4 .7 5 -3 .52 -0 .72
4 -1 .5 -0 .1 5 7 .6 9 -6 .68 -1.33
4 -1 .5 -0 .2 0 4 .9 9 -4 .38 -1 .02
4 -1 .5 -0 .2 5 5 .58 -3 .80 -1 .19
4 -1 .5 -0 .3 0 5.53 -2 .80 -1 .27
4 -1 .6 -0 .1 0 11.34 -4 .98 -1 .53
4 -1 .6 -0 .1 5 5 .8 0 0 .40 -1 .00
4 -1 .6 -0 .2 0 4 .4 6 -4 .66 -0 .92
4 -1 .6 -0 .2 5 5.03 -7 .84 -1 .55
4 -1 .6 -0 .3 0 4 .0 8 -3 .38 -1.41
4 -1 .7 -0 .1 0 10.39 -4 .32 -1 .79
4 -1 .7 -0 .1 5 5 .1 0 -8 .79 -1.01
4 -1 .7 -0 .2 0 5 .45 -6 .20 -1 .24
4 -1 .7 -0 .25 7 .85 -4 .52 -1 .54
4 -1 .7 -0 .3 0 5 .1 9 -0 .56
4 -1 .8 -0 .1 0 7 .8 2 -4 .56 -1 .48
4 -1 .8 -0 .1 5 5 .95 -5 .17 -1 .06
4 -1 .8 -0 .2 0 7 .2 7 -9 .46 -1 .64
4 -1 .8 -0 .25 6 .71 -4 .58 -1 .47
4 -1 .9 -0 .1 0 -4 .3 6 -11 .87 -0 .20
4 -1 .9 -0 .1 5 7 .7 7 -6 .98 -1 .34
4 -1 .9 -0 .2 0 7 .1 5 -8 .67 -1 .38
4 -1 .9 -0 .25 5 .52 -3 .55
4 -2 -0 .1 0 1.59 -8 .94 -0 .89
4 -2 -0 .1 5 7 .32 -11 .28 -1 .14
4 -2 -0 .2 0 7 .56 -7.71 -1 .35
4 -2.1 -0 .1 0 2.31 -8 .42 -0 .82
4 -2.1 -0 .15 9 .1 4 -10 .64 -1 .04
4 -2.1 -0 .2 0 8 .50 -9 .82 -0 .64
4 -2 .2 -0 .1 0 10.27 -9 .69 -1 .33
4 -2 .2 -0 .15 11.32 -11 .49 -1 .64
4  ' -2 .2 -0 .2 0 8.05 -10 .02 -1 .99
4 -2 .3 -0 .1 0 4.01
4 -2 .3 -0 .15 13.26 -5 .77 -1 .66
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4 -2 .3 -0 .2 0 6 .4 6 -7 .83 -1 .00
4 -2 .4 -0 .1 0 1.58
4 -2 .4 -0 .1 5 9.81 -15 .40 -1.11
4 -2 .4 -0 .2 0 18.06 -1 .65
4 -2 .5 -0 .1 0 9 .7 6 -5 .80
4 -2 .5 -0 .15 10.18 -14 .02 -1.11
4 -2 .6 -0 .1 0 13.61 -7 .47 -2 .59
4 -2 .6 -0 .1 5 13.66 -12 .47 -1.31
4 -2 .6 -0 .2 0 -11 .23
4 -2 .7 -0 .1 0 11.96
4 -2 .7 -0 .1 5 10.28 -15 .83 -1 .13
4 -2 .7 -0 .2 0 -1 .6 9 -13 .67 -1.21
4 -2 .9 -0 .1 0 10.43
4 -2 .9 -0 .1 5 13.11 -14 .65 -1 .30
4 -2 .9 -0 .2 0 0 .5 7 -11 .55 -1 .03
4 -3 -0 .1 5 12 .74 -12 .36 -1 .25
4 -3 -0 .2 0 -1 .81 -13 .81 0.32
4 -3.1 -0 .1 5 11.89 -10 .46 0.91
4 -3.1 -0 .2 0 5.53 -11 .53 0 .34
4 -3 .2 -0 .1 0 8.81
4 -3 .2 -0 .1 5 12.03 -6 .90 0 .88
4 -3 .2 -0 .2 0 5 .1 6 -6 .04 0.83
4 -3 .3 -0 .1 0 -3 .86 0 .46
4 -3 .3 -0 .1 5 7 .5 8 -5 .35 2.23
4 -3 .3 -0 .2 0 2 .0 6 -6 .48 1.28
4 -3 .4 -0 .1 0 0 .84
4 -3 .4 -0 .1 5 10.02 -9.41 -0 .07
4 -3 .4 -0 .2 0 3 .9 9 -3 .48 -0 .40
4 -3 .6 -0 .1 0 14.72 -1 7 .16 0 .09
4 -3 .6 -0 .1 5 4 .5 5 -4 .96 -0 .18
4 -3 .6 -0 .2 0 0 .88 -1 .20 -0.21
4 -3 .7 -0 .1 0 8 .87 -10 .96 0.07
4 -3 .7 -0 .15 9 .58 -7 .55 -1 .05
4 -3 .7 -0 .2 0 3 .54
4 -3 .8 -0 .1 0 14.82 -14 .74 -0.31
4 -3 .8 -0 .15 7 .98 -9 .29 -0 .06
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Table A2- 16. Line 3-Test 2
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
5.64 -0.6 -0.15 1.22 12.38 0.18
5.64 -0.6 -0.20 -0.13 2.31 0.13
5.64 -0.6 -0.25 0.59 -4.78 0.82
5.64 -0.6 -0.30 -1.77 -8.57 0.34
5.64 -0.6 -0.35 -1.42 -5.68 -0.18
5.64 -0.6 -0.40 -3.63 -3.80 -0.04
5.64 i o -0.15 -0.14 1.96 -0.87
5.64 -0.7 -0.20 1.35 -4.16 0.27
5.64 -0.7 -0.25 1.76 -4.09 0.13
5.64 -0.7 -0.30 1.93 -4.74 0.10
5.64 -0.7 -0.35 -0.43 -5.63 -0.27
5.64 -0.7 -0.40 -4.12 -3.77 0.04
5.64 -0.8 -0.15 3.41 -5.00 0.80
5.64 -0.8 -0.20 0.84 -7.27 1.08
5.64 -0.8 -0.25 0.86 -5.38 0.72
5.64 -0.8 -0.30 -1.34 -5.43 0.11
5.64 -0.8 -0.35 -5.81 -4.87 0.55
5.64 -0.8 -0.40 -3.78 -3.89 0.09
5.64 -0.9 -0.15 1.16 -2.85 1.26
5.64 -0.9 -0.20 0.76 -3.63 1.63
5.64 -0.9 -0.25 -0.58 -4.98 0.89
5.64 -0.9 -0.30 -0.96 -4.56 0.67
5.64 -0.9 -0.35 -0.59 -4.07 0.05
5.64 -0.9 -0.40 -2.86 -2.86
5.64 -1 -0.20 4.84 -1.67 0.90
5.64 -1 -0.25 -0.03 -10.75 0.16
5.64 -1 -0.30 0.62 -11.74 -0.44
5.64 -1 -0.35 1.25 -5.66 -0.04
5.64 -1.1 -0.15 -0.17 -2.89 0.41
5.64 -1 1 -0.20 -1.25 -6.79 0.22
5.64 -1.1 -0.25 -1.50 -5.74 0.33
5.64 -1.1 -0.30 0.29 -5.42 0.31
5.64 -0.35 -2.37 -1.00 0.29
5.64 -0.40 0.40 -2.35 -0.20
5.64 -1.2 -0.15 1.04. -5.23 0.36
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5.64 -1 .2 -0 .2 0 -1 .82 -7 .55 0 .45
5 .64 -1 .2 -0 .25 -2 .19 -6 .92 0.95
5 .64 -1 .2 -0 .3 0 -0 .32 -5 .45 0.42
5.64 -1 .2 -0 .3 5 2 .55 -0 .78 -0 .08
5.64 -1 .3 -0 .1 5 -0 .07 1.19 1.25
5 .64 -1 .3 -0 .2 0 0 .05 2 .42 1.68
5 .64 -1 .3 -0 .2 5 1.01 1.30 1.03
5.64 -1 .3 -0 .3 0 2 .93 -2 .54 -0 .02
5.64 -1 .3 -0 .3 5 1.17 -3 .23 -0 .70
5.64 -1 .4 -0 .1 5 -1 .45 -10 .27 -0 .05
5.64 -1 .4 -0 .2 0 0 .1 4 -7 .34 0.05
5.64 -1 .4 -0 .2 5 0 .3 2 -6 .55 0 .26
5 .64 -1 .4 -0 .3 0 0 .8 4 -5 .89 0 .24
5.64 -1 .4 -0 .3 5 0 .85 -0 .72 0 .06
5 .64 -1 .5 -0 .1 5 -2 .1 2 -8 .69 0.03
5.64 -1 .5 -0 .2 0 -3 .45 -8 .34 0 .18
5.64 -1 .5 -0 .2 5 1.64 -2 .68 0.13
5.64 -1 .5 -0 .3 0 4 .3 3 -0 .35 -0.11
5.64 -1 .6 -0 .1 5 0 .0 9 -5 .49 -0 .14
5.64 -1 .6 -0 .2 0 -2 .33 -8.21 0 .18
5.64 -1 .6 -0 .2 5 0 .73 -8.41 -0 .30
5 .64 -1 .6 -0 .3 0 -0 .0 4 -3 .24 -0 .78
5.64 -1 .7 -0 .1 0 1.12
5 .64 -1 .7 -0 .1 5 -0 .8 0 -6 .49 0.45
5.64 -1 .7 -0 .2 0 -1 .8 6 -5 .22 0 .37
5 .64 -1 .7 -0 .2 5 0 .2 2 -4 .52 -0 .20
5 .64 -1 .7 -0 .3 0 2 .9 2 -0 .03 -0 .33
5.64 -1 .8 -0 .1 0 -0 .8 9 0 .72 0 .34
5 .64 -1 .8 -0 .1 5 1.66 3 .76 -0 .14
5 .64 -1 .8 -0 .2 0 1.71 5 .22 0 .05
5 .64 -1 .8 -0 .2 5 5 .09 3 .87 -0 .28
5 .64 -1 .9 -0 .1 0 2 .9 9 -8 .17 -0 .26
5 .64 -1 .9 -0 .1 5 2 .02 -9 .06 -0 .40
5.64 -1 .9 -0 .2 0 -0 .8 9 -10 .13 -0 .22
5.64 -1 .9 -0 .2 5 2 .8 4 -5 .00 -0 .37
5 .64 -2 -0 .1 0 -0 .15 -5 .27 -0.13
5 .64 -2 -0 .15 -0 .88 -5 .60 -0 .55
5.64’ -2 -0 .2 0 -0 .15 -4 .86 -0 .62
5.64 -2 -0 .2 5 6 .3 4 -0 .44 -1 .30
5.64 -2.1 -0 .1 0 2 .12 4 .43 -0 .17
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5 .64 -2 .1 -0 .1 5 5.01 3.43 0 .2 4
5.64 -2 .1 -0 .2 0 3 .69 0.45 0.13
5.64 -2 .2 -0 .1 0 1.07 2.44 -0.81
5.64 -2 .2 -0 .1 5 1.62 4.13 -0 .95
5 .64 -2 .2 -0 .2 0 1.54 2 .84 -0 .49
5.64 -2 .3 -0 .1 0 1.02 -0 .75 -0 .62
5.64 -2 .3 -0 .1 5 5 .84 2 .26 -0 .86
5.64 -2 .3 -0 .2 0 4 .1 3 1.25 -1 .10
5.64 -2 .4 -0 .1 0 5.37 -0 .69 -2 .10
5.64 -2 .4 -0 .1 5 3 .4 7 -3 .85 -0 .98
5.64 -2 .4 -0 .2 0 2 .3 6 -1 .90 -0 .73
5.64 -2 .5 -0 .1 0 2 .9 4 -2 .76 -1 .94
5.64 -2 .5 -0 .1 5 2 .3 7 -5 .00 -1 .05
5.64 -2 .5 -0 .2 0 3 .85 -1 .37 -0 .37
5 .64 -2 .6 -0 .1 0 8 .27 -2 .04 -1 .60
5 .64 -2 .6 -0 .1 5 3.31 -4 .38 -1 .32
5.64 -2 .6 -0 .2 0 -2 .73 -4 .17 -0.81
5.64 -2 .7 -0 .1 0 6 .8 9 -3 .78 -2 .50
5 .64 -2 .7 -0 .1 5 2 .3 6 -6 .76 -1 .62
5.64 -2 .7 -0 .2 0 1.98 -4 .15 -1 .34
5.64 -2 .8 -0 .1 0 15.24 -2 .79
5.64 -2 .8 -0 .1 5 2 .3 5 -8.11 -0 .96
5.64 -2 .8 -0 .2 0 0 .9 6 -2.21 -0 .69
5.64 -2 .9 -0 .1 0 9 .1 8 -5 .25 -2 .48
5.64 -2 .9 -0 .1 5 1.10 -8 .39 -1 .32
5.64 -2 .9 -0 .2 0 -2 .5 9 -4 .96 -0 .62
5 .64 -3 -0 .1 0 7 .1 8 -2 .43 -2 .56
5 .64 -3 -0 .1 5 1.25 -5 .67 -1 .80
5 .64 -3 -0 .2 0 -5 .11 -4 .42 -1 .59
5 .64 -3.1 -0 .1 0 4 .7 0 -3.31 -1.31
5.64 -3.1 -0 .1 5 2 .9 2 -1 .89 -0 .99
5 .64 -3.1 -0 .2 0 -6 .57 -0 .44 -0.31
5 .64 -3 .2 -0 .1 5 6 .08 0 .89 -0 .74
5 .64 -3 .2 -0 .2 0 -8 .13 -4 .82 -0 .32
5 .64 -3 .3 -0 .1 5 4.51 -0.61 -0 .30
5 .64 -3 .3 -0 .2 0 -9 .4 0 -0 .39 0 .40
5 .64 -3 .4 -0 .1 5 6.11 0.77 0.71
5.64* -3 .4 -0 .2 0 -4 .47 0.23 0 .10
5 .64 -3 .5 -0 .1 0 4 .65 -2 .60 -1 .38
5 .64 -3 .5 -0 .1 5 15.35 -9 .28 1.39
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5.64 -3.5 -0.20 -3.81
Table A2- 17. Line 1-Test 3
Long-shore
Distance
(“ )
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
2 -0.6 -0.10 13.51 -8.17 -0.23
2 -0.6 -0.15 6.78 -5.14 0.54
2 -0.6 -0.20 3.67 -3.85 0.64
2 -0.6 -0.25 1.50 -3.28 0.50
2 -0.6 -0.30 0.40 -3.41 0.02
2 -0.6 -0.35 -0.80 -2.35 -0.11
2 -0.6 -0.40 0.59 -0.97
2 -0.8 -0.10 4.98 -4.89 -0.54
2 -0.8 -0.15 3.86 -5.13 -0.91
2 -0.8 -0.20 2.68 -5.06 -0.74
2 -0.8 -0.25 0.46 -2.31 -0.50
2 -0.8 -0.30 -0.17 -2.56 0.27
2 -0.8 -0.35 -1.15 -2.57 -0.14
2 -0.8 -0.40 -1.61 -1.74 0.30
2 -1 -0.10 6.37 -5.76 0.09
2 -1 -0.15 4.23 -6.02 0.31
2 -1 -0.20 2.50 -4.75 0.17
2 “1 -0.25 1.12 -4.10 0.35
2 -1 -0.30 -0.36 -3.31 0.30
2 -1 -0.35 -0.97 -2.49 0.39
2 -1 -0.40 -0.67 -2.14
2 -1.2 -0.10 9.31 -11.69 -0.24
2 -1.2 -0.15 5.55 -6.74 0.66
2 -1.2 -0.20 2.84 -4.17 1.49
2 -1.2 -0.25 2.05 -4.06 0.70
2 -1.2 -0.30 0.63 -3.59 0.52
2 -1.2 -0.35 0.68 -3.19 0.58
2 -1.2 -0.40 1.54 -2.29 -0.02
2 -1.4 -0.10 10.32 -12.71 0.03
2 -1.4 -0.15 8.51 -11.31 0.28
2 * -1.4 -0.20 4.43 -7.76 0.39
2 -1.4 -0.25 2.89 -6.20 0.57
2 -1.4 -0.30 2.73 -5.10 0.81
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2 -1 .4 -0 .3 5 2 .05 -4 .96 0 .77
2 -1 .4 -0 .4 0 1.55 -4 .58 0 .18
2 -1 .6 -0 .1 0 9 .89 -12 .30 0 .60
2 -1 .6 -0 .1 5 8 .98 -12 .88 0 .04
2 -1 .6 -0 .2 0 7 .1 2 -10 .83 -0 .42
2 -1 .6 -0 .2 5 5 .6 4 -10.31 -0 .04
2 -1 .6 -0 .3 0 4 .6 6 -9 .92 -0 .02
2 -1 .6 -0 .3 5 5 .0 2 -9 .12 -0 .30
2 -1 .6 -0 .4 0 4 .2 0 -6 .49 -0 .13
2 -1 .8 -0 .1 0 7 .9 9 -9 .75 0 .12
2 -1 .8 -0 .1 5 8 .8 0 -9.71 -0 .45
2 -1 .8 -0 .2 0 6 .8 0 -9 .34 -0 .08
2 -1 .8 -0 .2 5 6 .4 7 -10.51 -0 .78
2 -1 .8 -0 .3 0 5.61 -10 .65 0.12
2 -1 .8 -0 .3 5 5 .41 -1 0 .84 -0 .37
2 -1 .8 -0 .4 0 2 .8 8 -5 .96 -0 .19
2 -2 -0 .1 0 7 .1 2 -5 .20 -0.11
2 -2 -0 .1 5 6 .5 4 -6 .37 -0 .57
2 -2 -0 .2 0 6 .4 4 -7 .27 -0 .48
2 -2 -0 .2 5 5 .6 7 -10.71 -0 .24
2 -2 -0 .3 0 5 .0 0 -9 .97 -0 .03
2 -2 -0 .3 5 4 .8 3 -11 .33 -0 .27
2 -2 .2 -0 .1 0 8 .1 9 -4 .59 0.13
2 -2 .2 -0 .1 5 7 .63 -5 .55 0.73
2 -2 .2 -0 .2 0 7 .1 4 -7 .09 0.55
2 -2 .2 -0 .2 5 5 .6 6 -8 .42 1.07
2 -2 .2 -0 .3 0 4 .1 7 -7 .49 0.18
2 -2 .2 -0 .3 5 0 .6 0 -6 .38 0 .34
2 -2 .4 -0 .1 0 6 .8 0 -2 .86 0 .32
2 -2 .4 -0 .1 5 7 .5 0 -5 .07 0.93
2 -2 .4 -0 .2 0 6 .7 7 -5.61 0 .60
2 -2 .4 -0 .2 5 5 .48 -6 .09 0.52
2 -2 .4 -0 .3 0 3 .2 9 -6 .07
2 -2 .6 -0 .1 0 6 .0 8 -1.51 0.03
2 -2 .6 -0 .15 7 .1 8 -2 .86 0 .29
2 -2 .6 -0 .2 0 7.21 -4 .64 0.23
2 -2 .6 -0 .2 5 6 .17 0 .16
2 ' -2 .8 -0 .1 0 5 .0 0 0 .29 0.03
2 -2 .8 -0 .1 5 5 .79 -0 .37 -0 .09
2 -2 .8 -0 .2 0 6 .55 -3.01 -0 .23
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2 -2.8 -0.25 6.11 -4.33 -0.35
2 -3 -0.10 5.85 2.19 0.03
2 -3 -0.15 6.77 1.17 0.04
2 -3 -0.20 6.39 0.21
2 -3 -0.25 0.38 -2.37 0.09
2 -3.2 -0.10 6.92 3.89 -0.01
2 -3.2 -0.15 10.13 3.41 -0.93
2 -3.2 -0.20 5.64 0.55
2 -3.2 -0.25 3.00 -1.24 -0.26
2 -3.4 -0.10 9.12 7.10 -0.80
2 -3.4 -0.15 7.93 4.85 -0.53
2 -3.4 -0.20 5.61 0.77 -0.16
2 -3.6 -0.10 12.01 10.32 -2.09
2 -3.6 -0.15 4.28 2.61
2 -3.6 -0.20 3.86 1.19 -1.16
2 -3.8 -0.10 11.27 9.59 -1.98
2 -3.8 -0.15 5.15 4.57 -0.79
2 -4 -0.10 8.24 7.10 -1.52
2 -4 -0.15 -2.71 0.84 0.11
2 -4.2 -0.10 2.47 1.86 0.24
Table A2- 18. Line 2-Test 3
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.10 -1.74 -1.28 0.31
4 -0.6 -0.15 -0.60 -1.16 0.39
4 -0.6 -0.20 -0.49 -0.62 0.58
4 -0.6 -0.25 -0.26 -0.54 0.29
4 -0.6 -0.30 0.04 -0.33 0.18
4 -0.6 -0.35 -0.02 -1.04
4 -0.8 -0.10 0.35 -1.27 0.33
4 -0.8 -0.15 0.27 -1.06 0.24
4 -0.8 -0.20 0.02 -0.92 0.23
4 -0.8 -0.25 0.19 -0.80 0.16
4 . -0.8 -0.30 -0.23 -0.55 0.44
4 -0.8 -0.35 -0.21 -0.25 0.53
4 -1 -0.10 -0.38 -1.90 0.16
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4 -1 -0 .15 0.65 -1 .62 0 .16
4 -1 -0 .2 0 0 .3 7 -1.31 0.31
4 -1 -0 .25 0 .2 0 -1 .19 0 .38
4 -1 -0 .3 0 0 .53 -0 .44 0 .25
4 -1 .2 -0 .1 0 0.31 -1.81 0 .26
4 -1 .2 -0 .1 5 0 .6 3 -1 .69 0 .1 2
4 -1 .2 -0 .2 0 0 .23 -1 .59 0 .0 9
4 -1 .2 -0 .2 5 0 .2 6 -0 .82 0 .27
4 -1 .2 -0 .3 0 0 .23 0 .06
4 -1 .4 -0 .1 0 1.31 -1 .87 0 .09
4 -1 .4 -0 .1 5 1.27 -1 .26 0 .39
4 -1 .4 -0 .2 0 0 .3 6 -1 .10 0 .28
4 -1 .4 -0 .2 5 -0 .10 0 .36
4 -1 .4 -0 .3 0 0 .2 4 0.93 0 .27
4 -1 .6 -0 .1 0 1.30 -1 .77 0 .2 4
4 -1 .6 -0 .1 5 1.31 -1 .37 0 .28
4 -1 .6 -0 .2 0 1.00 -1 .27 0 .17
4 -1 .6 -0 .2 5 1.32 -0 .37 -0 .29
4 -1 .8 -0 .1 0 1.63 -1 .3 4 0 .23
4 -1 .8 -0 .1 5 2 .4 0 -1 .44 -0 .50
4 -1 .8 -0 .2 0 0 .7 2 -0 .79 -0 .17
4 -1 .8 -0 .2 5 -0 .48 -1.51 -0 .05
4 -2 -0 .1 0 1.31 -1 .88 -0 .06
4 -2 -0 .15 1.68 -1 .26 -0 .16
4 -2 -0 .2 0 -0 .41 -2 .35
4 -2 .2 -0 .1 0 3 .13 -3 .15 -0.61
4 -2 .2 -0 .1 5 2 .0 2 -3 .18 -0 .59
4 -2 .2 -0 .2 0 -0 .11 -2 .32
4 -2 .4 -0 .1 0 4 .6 2 -4 .29 -0 .18
4 -2 .4 -0 .1 5 2 .7 0 -3 .72 0 .19
4 -2 .4 -0 .2 0 -1 .1 9 -2 .50
4 -2 .6 -0 .1 0 5 .5 9 -6.71 -0 .15
4 -2 .6 -0 .15 3 .1 8 -4 .38 -0 .15
4 -2 .6 -0 .2 0 -0 .2 4 -3 .45 -0 .20
4 -2 .8 -0 .1 0 7.41 -9 .97 -0 .14
4 -2 .8 -0 .1 5 4 .3 5 -5 .77 -0 .05
4 -2 .8 -0 .2 0 -1 .32 -2 .10 0.25
4 * -3 -0 .1 0 10.21 -15 .92 -0 .49
4 -3 -0 .15 5.41 -10 .1 0
4 -3 .2 -0 .1 0 11.33 -17 .55 -0 .89
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4 -3.2 -0.15 4.27 -11.52 -0.50
4 -3.4 -0.10 10.19 -15.65 -0.32
4 -3.4 -0.15 -3.93
4 -3.6 -0.10 9.62 -11.29
4 -3.8 -0.10 7.01 -10.05 -0.94
4 -4- -0.10 3.25 -7.45
4 -4.2 -0.10 -2.60 -4.31 -0.18
Table A2- 19. Line 3-Test 3
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
5.64 -0.6 -0.10 1.49 -0.27 0.05
5.64 -0.6 -0.15 0.68 -1.29 0.39
5.64 -0.6 -0.20 0.29 -1.20 0.18
5.64 -0.6 -0.25 0.21 -1.63 0.22
5.64 -0.6 -0.30 -0.03 -1.52 0.16
5.64 -0.6 -0.35 0.35 -0.86 0.11
5.64 -0.8 -0.10 0.58 -1.25 -0.21
5.64 -0.8 -0.15 0.83 -0.79 -0.04
5.64 -0.8 -0.20 1.08 -0.55 0.14
5.64 -0.8 -0.25 1.32 -0.82 0.18
5.64 -0.8 -0.30 0.24 -0.77 0.02
5.64 -0.8 -0.35 -0.70 -0.27
5.64 -1 -0.10 1.48 -0.59 0.16
5.64 -1 -0.15 1.15 -0.51 0.40
5.64 -0.20 0.57 -0.53 0.30
5.64 -0.25 -0.24 -0.27 0.28
5.64 -1 -0.30 0.23 -0.66 -0.01
5.64 -1 -0.35 -0.06 0.15 -0.12
5.64 -1.2 -0.10 1.56 -0.45 -0.01
5.64 -1.2 -0.15 1.00 -0.69 -0.06
5.64 -1.2 -0.20 0.93 -0.92 0.07
5.64 -1.2 -0.25 0.96 -0.28 0.13
5.64 -1.2 -0.30 1.27 1.02
5.64 -1.4 -0.10 1.81 -0.55 0.16
5.64 -1.4 -0.15 1.70 -0.42 -0.09
5.64 -1.4 -0.20 0.47 -0.56 0.02
5.64 -1.4 -0.25 0.17 -0.05 0.05
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5.64 -1 .4 -0 .3 0 -0 .92 0 .20 0.25
5 .64 -1 .6 -0 .1 0 1.33 -0 .39 0 .29
5 .64 -1 .6 -0 .1 5 1.13 -0 .42 -0 .02
5.64 -1 .6 -0 .2 0 1.00 -0 .43 0.27
5 .64 -1 .6 -0 .2 5 0.93 0 .16 0 .19
5 .64 -1 .6 -0 .3 0 -1 .07 -0 .28 0 .10
5 .64 -1 .8 -0 .1 0 1.95 -0 .37 0 .30
5 .64 -1 .8 -0 .1 5 1.18 -0 .60 0 .26
5 .64 -1 .8 -0 .2 0 0.41 -1 .03 0 .20
5 .64 -1 .8 -0 .2 5 0 .4 7 -0 .93 -0 .08
5 .64 -2 -0 .1 0 2 .0 8 -0 .46 0.23
5.64 -2 -0 .1 5 0.71 -1.11 0 .22
5 .64 -2 -0 .2 0 1.01 0.33
5 .64 -2 -0 .2 5 -0 .43 0 .27 0.15
5.64 -2 .2 -0 .1 0 1.92 -1 .11 0 .12
5 .64 -2 .2 -0 .1 5 1.48 -0 .90 0 .06
5 .64 -2 .2 -0 .2 0 -0 .5 8
5 .64 -2 .2 -0 .2 5 -0 .1 9 -1 .03 1.22
5 .64 -2 .4 -0 .1 0 3 .4 6 -2 .16 -0 .18
5 .64 -2 .4 -0 .1 5 1.89 -1 .03 0.15
5 .64 -2 .4 -0 .2 0 0 .35 -0 .78 0 .18
5 .64 -2 .6 -0 .1 0 2 .8 9 -2 .17 -0 .27
5.64 -2 .6 -0 .1 5 0.22
5.64 -2 .6 -0 .2 0 -0 .0 2 -1 .56 0.21
5.64 -2 .8 -0 .1 0 2 .5 0 -2 .05 0.06
5.64 -2 .8 -0 .1 5 1.33 -1 .58 -0 .12
5.64 -2 .8 -0 .2 0 0.35
5 .64 -3 -0 .1 0 6 .8 0 -4 .93 -0 .23
5 .64 -3 -0 .1 5 3 .72 -4 .13 0 .14
5 .64 -3 .2 -0 .1 0 7 .0 9 -9 .98 -0 .32
5 .64 -3 .2 -0 .1 5 6 .0 0 -5 .77
5 .64 -3 .4 -0 .1 0 9 .69 -1 5 .79 -0 .44
5 .64 -3 .4 -0 .1 5 6 .56 -9 .89
5 .64 -3 .6 -0 .1 0 9.51 -1 7 .16 -0 .82
5 .64 -3 .6 -0 .1 5 4.41 -10 .45 -0 .98
5 .64 -3 .8 -0 .1 0 9 .58 -16 .07
5 .64 -3 .8 -0 .1 5 2 .38 -2 .92 -0 .29
5 .64 -4 -0 .1 0 8 .97 -13 .88 -0 .07
5 .64 -4 .2 -0 .1 0 9 .25 -12 .65 -1.21
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Table A2- 20. Line 1-Test 4
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
2 -0.6 -0.10 10.85 -6.61 -0.08
2 -0.6 -0.15 5.19 -4.22 0.08
2 -0.6 -0.20 3.73 -3.69 0.07
2 -0.6 -0.25 1.29 -2.37 0.43
2 -0.6 -0.30 1.35 -2.42 0.03
2 -0.6 -0.35 -0.37 -1.27 0.25
2 -0.6 -0.40 -0.23 -1.56 -0.01
2 -0.8 -0.10 6.11 -4.37 0.05
2 -0.8 -0.15 4.77 -3.78 0.19
2 -0.8 -0.20 2.86 -2.72 0.69
2 -0.8 -0.25 1.98 -2.97 0.21
2 -0.8 -0.30 0.15 -1.57 0.09
2 -0.8 -0.35 -0.66 -1.03 0.24
2 -0.8 -0.40 -0.22 -1.22
2 -1 -0.10 5.82 -5.39 0.23
2 -1 -0.15 6.12 -5.45 0.13
2 -1 -0.20 2.97 -3.42 0.05
2 -1 -0.25 2.39 -1.71 0.64
2 -1 -0.30 2.00 -2.68 -0.10
2 -1 -0.35 1.70 -1.58 -0.01
2 -1 -0.40 0.72 -1.30
2 -1.2 -0.10 8.52 -9.19 -0.21
2 -1.2 -0.15 8.22 -7.64 -0.05
2 -1.2 -0.20 6.22 -6.53 -0.27
2 -1.2 -0.25 5.96 -6.13 0.34
2 -1.2 -0.30 5.04 -5.07 -0.07
2 -1.2 -0.35 3.21 -4.11 -0.19
2 -1.2 -0.40 2.82 -2.85
2 -1.4 -0.10 11.33 -11.69 -0.44
2 -1.4 -0.15 9.83 -10.56 -0.93
2 -1.4 -0.20 8.80 -9.00 -1.01
2 -1.4 -0.25 7.25 -8.49 -0.33
2 -1.4 -0.30 6.56 -8.16 -0.68
2 -1.4 -0.35 5.67 -6.88 -0.45
2 -1.4 -0.40 1.65 -3.57
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2 -1 .6 -0 .1 0 10.49 -8 .39 -0 .44
2 -1 .6 -0 .15 9 .5 6 -9 .22 -0.61
2 -1 .6 -0 .2 0 8 .76 -8 .79 -0 .28
2 -1 .6 -0 .2 5 7.91 -8 .57 -0 .16
2 -1 .6 -0 .3 0 6.15 -8 .54 -0 .27
2 -1 .6 -0 .3 5 5 .87 -7 .50 -0 .08
2 -1 .6 -0 .4 0 3 .43 -4 .55 0.18
2 -1 .8 -0 .1 0 6 .9 9 -5 .37 -0 .37
2 -1 .8 -0 .1 5 7 .4 4 -6 .69 -0 .13
2 -1 .8 -0 .2 0 6 .3 8 -7 .45 -0 .22
2 -1 .8 -0 .2 5 6 .5 6 -7 .86 -0 .22
2 -1 .8 -0 .3 0 5.83 -7 .72
2 -1 .8 -0 .3 5 5 .68 -7 .48 -0 .06
2 -2 -0 .1 0 5 .4 0 -1 .97 -0 .80
2 -2 -0 .1 5 4 .1 6 -3 .88 -0 .82
2 -2 -0 .2 0 5 .37 -5 .45 0.03
2 -2 -0 .2 5 5 .0 9 -6.51 -0 .39
2 -2 -0 .3 0 5 .18 -7.81 -0.31
2 -2 -0 .35 4 .3 7 -5 .44 -0 .12
2 -2 .2 -0 .1 0 4 .8 0 -1 .1 4 -0.21
2 -2 .2 -0 .1 5 4 .1 0 -2 .9 9 -0 .47
2 -2 .2 -0 .2 0 3 .9 6 -3 .93 -0 .23
2 -2 .2 -0 .25 4 .6 2 -6 .16 -0 .37
2 -2 .2 -0 .3 5 1.32 -4 .09 0.16
2 -2 .4 -0 .1 0 5.41 -0 .44 -0 .13
2 -2 .4 -0 .1 5 4.41 -2 .96 0.05
2 -2 .4 -0 .2 0 5 .2 6 -4 .51 0 .18
2 -2 .4 -0 .2 5 4 .6 6 -6 .31 0.05
2 -2 .4 -0 .3 0 -5 .18 0.69
2 -2 .6 -0 .1 0 4 .3 5 0.35 0.07
2 -2 .6 -0 .15 4 .4 9 -2 .80 -0 .20
2 -2 .6 -0 .2 0 4 .2 0 -4 .3 0 0.73
2 -2 .6 -0 .25 2 .5 2 -4.11 0.31
2 -2 .6 -0 .3 0 0 .12 -1 .07 0.63
2 -2 .8 -0 .1 0 4 .7 8 0 .7 4 0 .06
2 -2 .8 -0 .1 5 3 .2 4 -1 .70 0.72
2 -2 .8 -0 .2 0 3 .66 -3 .67 0 .29
2 ' -2 .8 -0 .2 5 1.93 -3 .04
2 -3 -0 .1 0 3.05 0.23 0 .19
2 -3 -0 .15 2 .88 -0 .49 0 .14
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2 -3 -0.20 -1.37
2 -3 -0.25 -1.17 -2.80 -0.67
2 -3.2 -0.10 2.51 0.35 -0.13
2 -3.2 -0.15 2.89 0.34 -0.05
2 -3.2 -0.20 2.01 -0.56 0.14
2 -3.4 -0.10 2.13 0.41 -0.02
2 -3.4 -0.15 1.74 -0.11 -0.25
2 -3.4 -0.20 0.04 -0.16 -0.28
2 -3.6 -0.10 1.75 -0.12 -0.07
2 -3.6 -0.15 1.09 0.18 -0.32
2 -3.6 -0.20 -1.70 0.00 -0.76
2 -3.8 -0.10 2.48 0.13 -0.12
2 -3.8 -0.15 -1.98 -1.05 0.13
2 -4 -0.10 0.04 -0.15
2 -4 -0.15 0.60 3.59 0.60
2 -4.2 -0.10 -0.10
2 -4.4 -0.10 -0.05 -0.05
Table A2- 21. Line 2-Test 4
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.10 -0.59 -3.57 0.03
4 -0.6 -0.15 0.28 -2.78 -0.27
4 -0.6 -0.20 0.00 -1.81 0.24
4 -0.6 -0.25 0.45 -1.44 0.02
4 -0.6 -0.30 0.24 -0.44 0.11
4 -0.6 -0.35 1.09 0.19
4 -0.8 -0.10 1.74 -1.43 -0.04
4 -0.8 -0.15 1.58 -0.98 0.18
4 -0.8 -0.20 1.29 -1.36 -0.02
4 -0.8 -0.25 0.88 -1.01 0.03
4 -0.8 -0.30 0.20 -0.61 0.50
4 -0.8 -0.35 0.52 1.38
4 -1 -0.10 1.85 -0.90 -0.03
4 -0.15 1.62 -0.99 -0.05
4 -1 -0.20 1.19 -0.96 -0.04
4 -1 -0.25 0.75 -0.90 0.17
4 -1 -0.30 0.18 -0.24 0.17
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4 -1 -0 .35 -1 .06 0.85 0.25
4 -1 .2 -0 .1 0 1.73 -1 .48 0 .06
4 -1 .2 -0 .1 5 1.10 -1 .63 -0.05
4 -1 .2 -0 .2 0 1.55 -1 .07 -0.05
4 -1 .2 -0 .2 5 1.35 -1 .12 -0 .02
4 -1 .2 -0 .3 0 0 .92 0.11 -0 .12
4 -1 .2 -0 .3 5 0 .3 7 -0 .55 -0 .08
4 -1 .4 -0 .1 0 1.94 -1.01 0 .04
4 -1 .4 -0 .1 5 1.10 -1 .02 0.02
4 -1 .4 -0 .2 0 1.44 -0 .50
4 -1 .4 -0 .2 5 1.63 -0 .30 -0 .22
4 -1 .4 -0 .3 0 -1 .65 0 .18 0.55
4 -1 .6 -0 .1 0 2 .05 -1 .46 -0 .18
4 -1 .6 -0 .1 5 1.22 -0 .28
4 -1 .6 -0 .2 0 1.22 -0 .43 -0 .37
4 -1 .6 -0 .2 5 2 .4 0 -0 .64
4 -1 .8 -0 .1 0 2 .1 8 -1 .74 -0.07
4 -1 .8 -0 .1 5 1.94 -1 .52 -0 .06
4 -1 .8 -0 .2 0 1.36 -1 .46 0.03
4 -1 .8 -0 .2 5 -1 .56 -2 .54 0.68
4 -2 -0 .1 0 2 .57 -2.41 -0.25
4 -2 -0 .15 2 .47 -2 .09 -0 .39
4 -2 -0 .2 0 1.88 -1 .63 -0 .47
4 -2 .2 -0 .1 0 3 .5 7 -3 .73
4 -2 .2 -0 .15 2 .6 0 -2 .87 -0 .54
4 -2 .2 -0 .2 0 1.56 -1 .70
4 -2 .4 -0 .1 0 6.11 -6 .57 -0 .52
4 -2 .4 -0 .1 5 2 .48 -5 .79
4 -2 .4 -0 .2 0 -0 .75 -3 .50 -0 .47
4 -2 .6 -0 .1 0 9 .2 4 -9 .66
4 -2 .6 -0 .15 4 .0 9 -0 .24
4 -2 .6 -0 .2 0 -2 .6 4 -3 .90 1.06
4 -2 .8 -0 .1 0 10.25 -11 .56 -0 .13
4 -2 .8 -0 .1 5 5 .35
4 -3 -0 .1 0 11.29 -12 .50 -0 .34
4 -3 -0 .15 4 .1 4
4 -3 .2 -0 .1 0 10.38 -13 .03
4 -3 .2 -0 .1 5 1.43 -7 .80
4 -3 .4 -0 .1 0 12.10 0.58
4 -3 .4 -0 .15 -0 .42 -0 .26 0.08
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4 -3.6 -0.15 0.89 -0.59 0.12
4 -3.8 -0.10 6.54 -9.04
4 -4 -0.10 5.72 -6.31
Table A2- 22. Line 3-Test 4
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
5.64 -0.6 -0.10 -1.64 -0.89 0.32
5.64 -0.6 -0.15 -0.70 0.24 0.03
5.64 -0.6 -0.20 0.37 -0.51 0.02
5.64 -0.6 -0.25 -0.31 -0.36 0.60
5.64 -0.6 -0.30 0.05 -0.25 0.30
5.64 -0.6 -0.35 -0.81
5.64 -0.6 -0.40 -0.53 0.79 0.05
5.64 -0.8 -0.10 1.05 -1.04 0.02
5.64 -0.8 -0.15 0.96 -0.87 0.28
5.64 -0.8 -0.20 0.83 -0.89 0.18
5.64 -0.8 -0.25 0.93 -0.43 0.11
5.64 -0.8 -0.30 0.42 -0.13 0.13
5.64 -0.8 -0.35 -0.39 -0.12 0.32
5.64 -1 -0.10 1.61 -0.97 0.09
5.64 -1 -0.15 1.69 -1.17 0.12
5.64 -1 -0.20 1.25 -1.12 0.39
5.64 -1 -0.25 0.12 -0.53 0.90
5.64 -1 -0.35 -0.29 -0.33 0.56
5.64 -1.2 -0.10 0.96 -1.26 0.01
5.64 -1.2 -0.15 1.96 -0.33 0.19
5.64 -1.2 -0.20 1.60 -0.75 -0.16
5.64 -1.2 -0.25 1.52 -0.70 -0.40
5.64 -1.2 -0.30 1.43 0.09 -0.29
5.64 -1.4 -0.10 1.99 -1.06 0.64
5.64 -1.4 -0.15 1.29 -1.36 0.49
5.64 -1.4 -0.20 0.83 -1.26 0.29
5.64 -1.4 -0.25 0.67 -0.22 0.24
5.64 -1.4 -0.30 0.99 -0.31 0.53
5:64 -1.6 -0.10 1.61 -0.97 0.51
5.64 -1.6 -0.15 1.25 -1.27 0.23
5.64 -1.6 -0.20 1.34 -0.92 0.13
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5 .64 -1 .6 -0 .2 5 -1 .27 -1 .68
5 .64 -1 .8 -0 .1 0 1.74 -0 .78 0 .24
5 .64 -1 .8 -0 .1 5 1.43 -0 .89 0 .27
5 .64 -1 .8 -0 .2 0 1.13 -1 .08 0.15
5 .64 -1 .8 -0 .2 5 2 .7 4 -0 .43
5 .64 -2 -0 .1 0 2 .1 9 -1 .12 0.22
5 .64 -2 -0 .1 5 2 .2 0 -1 .06 0 .09
5 .64 -2 -0 .2 0 1.20 -0 .42 0.03
5 .64 -2 -0 .2 5 0 .1 4 -0 .20 -0 .23
5 .64 -2 .2 -0 .1 0 2 .5 2 -1 .86 -0 .05
5 .64 -2 .2 -0 .1 5 2 .58 -1 .67
5 .64 -2 .2 -0 .2 0 2 .8 0 -1 .02
5 .64 -2 .4 -0 .1 0 3 .76 -2 .27 -0 .15
5 .64 -2 .4 -0 .1 5 2 .9 2 -2 .43 -0 .16
5 .64 -2 .4 -0 .2 0 1.54 -2 .35 -0.01
5 .64 -2 .6 -0 .1 0 4 .0 4 -3 .67
5 .64 -2 .6 -0 .1 5 2 .78 -2 .37 -0 .46
5 .64 -2 .6 -0 .2 0 -0 .31 -1 .76
5 .64 -2 .8 -0 .1 0 5 .35 -5 .87 -0 .45
5 .64 -2 .8 -0 .1 5 -3 .96
5 .64 -3 -0 .1 0 7 .3 2 -9 .12 -0 .70
5 .64 -3 -0 .1 5 2 .8 0 -7 .00
5 .64 -3 .2 -0 .1 0 10,21 -12 .8 0 -0 .73
5 .64 -3 .2 -0 .1 5 6 .4 8 -7 .79
5 .64 -3 .4 -0 .1 0 10.83 -14 .32 -0 .80
5 .64 -3 .4 -0 .1 5 4 .0 7 -8 .55
5 .64 -3 .6 -0 .1 5 -2 .35 -7 .10
5 .64 -3 .8 -0 .1 0 11.69
5 .64 -3 .8 -0 .1 5 -2 .02 -0 .03
5 .64 -4 -0 .1 0 -11 .46
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Table A2- 23. Line 1-Test 5
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
2 -0.6 -0.15 3.36 -1.79 -0.12
2 -0.6 -0.25 1.66 -1.50 0.15
2 -0.6 -0.35 -0.01 -1.10 0.12
2 -0.6 -0.45 -2.56 -0.34 -0.36
2 -0.8 -0.15 2.55 -1.93 -0.16
2 -0.8 -0.25 2.00 -1.76 -0.08
2 -0.8 -0.35 1.31 -1.26 -0.25
2 -0.8 -0.45 -0.41 -0.05 -0.14
2 -1 -0.15 3.49 -2.52 -0.04
2 -1 -0.25 2.35 -1.88 -0.19
2 -1 -0.35 0.11 -1.20 -0.06
2 -1 -0.45 -0.87 -0.55 -0.03
2 -1.2 -0.15 3.86 -2.59 -0.17
2 -1.2 -0.25 2.25 -2.02 -0.04
2 -1.2 -0.35 1.07 -1.73 -0.10
2 -1.2 -0.45 -0.13 -0.67 0.23
2 -1.4 -0.15 4.07 -2.62 -0.04
2 -1.4 -0.25 2.41 -3.08 -0.48
2 -1.4 -0.35 0.09 -1.95 -0.04
2 -1.4 -0.45 -1.07 -0.83 -1.19
2 -1.8 -0.05 -0.10
2 -1.8 -0.15 4.75 -4.28 -0.43
2 -1.8 -0.25 2.33 -2.80 -0.06
2 -1.8 -0.35 1.03 -1.37 -0.01
2 -2 -0.15 5.21 -4.32 -0.15
2 -2 -0.25 3.08 -2.87 -0.20
2 -2 -0.35 1.57 -1.98 -0.29
2 -2.2 -0.05 1.84 -0.22
2 -2.2 -0.15 6.13 -5.26 -0.36
2 -2.2 -0.25 3.87 -4.35 -0.33
2 -2.2 -0.35 0.84 -1.94 -0.37
2 -2.4 -0.05 1.69 -6.47 -0.12
2 -2.4 -0.15 7.22 -6.00 -0.42
-2 -2.4 -0.25 4.78 -4.24 -0.36
2 -2.4 -0.35 1.19 -1.52 -1.09
2 -2.6 -0.05 2.27 0.10
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2 -2.6 -0.15 7.87 -5.78 -0.35
2 -2.6 -0.25 5.81
2 -2.8 -0.05 1.56 0.01
2 -2.8 -0.05 1.56 0.01
2 -2.8 -0.15 7.75 -5.35 -0.35
2 -2.8 -0.25 6.47 -3.72 -0.40
2 -3 -0.05 2.19 -0.18
2 -3 -0.15 7.74 -5.14 -0.49
2 -3 -0.25 4.04 -3.55 -0.06
2 -3.2 -0.15 7.69 -4.78 -0.34
2 -3.4 -0.15 7.72 -3.87 -0.56
2 -3.6 -0.15 9.57 -3.42 -0.77
2 -3.8 -0.15 8.61 -1.62 -1.06
2 -4 -0.15 5.54 -2.58 -0.20
2 -4.2 -0.15 1.92 -2.33 0.48
Table A2- 24. Line 2-Test 5
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.15 0.58 0.45 0.23
4 -0.6 -0.25 -0.35 0.12 0.18
4 -0.6 -0.35 -0.18 0.09 0.03
4 -0.8 -0.15 0.48 -0.39 0.27
4 -0.8 -0.25 -0.49 -0.59 0.15
4 -0.8 -0.35 -0.47 -0.62 -0.02
4 -1 -0.15 0.38 -0.37 0.25
4 -1 -0.25 -0.74 -0.40 0.10
4 -1 -0.35 -0.35 -0.19 0.03
4 -1.2 -0.05 -0.01
4 -1.2 -0.15 0.91 -1.13 0.09
4 -1.2 -0.25 0.31 -1.07 0.11
4 -1.2 -0.35 -1.21 -0.92 0.42
4 -1.4 -0.05 -2.26 0.15
4 -1.4 -0.15 0.39 -0.40 0.19
.4 -1.4 -0.25 -0.33 -0.69 0.10
4 -1.6 -0.05 -2.98 -1.58 0.20
4 -1.6 -0.15 0.94 -0.72 0.09
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4 -1.6 -0.25 -0.13 -0.60 -0.10
4 -1.8 -0.05 -3.03 -0.90 -0.06
4 -1.8 -0.15 1.06 -0.56 0.11
4 -1.8 -0.25 0.76 -0.56 0.04
4 -2 -0.05 -3.09 -2.02 0.09
4 -2 -0.15 0.28 -1.04 0.05
4 -2 -0.25 1.38 -0.36 0.10
4 -2.2 -0.05 -1.83 -1.90 -0.10
4 -2.2 -0.15 0.44 -1.74 -0.14
4 -2.4 -0.05 -0.59 -3.20 -0.01
4 -2.4 -0.15 0.06 -2.13 -0.19
4 -2.6 -0.05 -0.86 -3.99 -0.06
4 -2.6 -0.15 0.07 -2.22 -0.18
4 -2.8 -0.05 -1.20 -4.68 0.01
4 -2.8 -0.15 -0.86 -2.74 0.17
4 -3 -0.05 -0.37 -6.26 -0.41
4 -3 -0.15 -2.38 -2.94 0.08
4 -3.2 -0.05 0.36 -7.60 -0.21
4 -3.2 -0.15 -2.61 -3.25 -0.36
4 -3.4 -0.05 2.02 -8.61 -0.58
4 -3.4 -0.15 0.48 -0.15 0.08
4 -3.6 -0.05 2.95 -8.83 -0.32
4 -3.6 -0.15 -2.66 -1.04 0.19
4 -3.8 -0.05 1.89 -0.01
Table A2- 25. Line 3-Test 5
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
5.64 -0.6 -0.15 0.71 0.44 0.29
5.64 -0.6 -0.25 0.54 0.39 0.25
5.64 -0.6 -0.35 -0.53 -0.04 0.17
5.64 -0.8 -0.15 0.35 -0.09 0.32
5.64 -0.8 -0.25 -0.49 -0.26 0.14
5.64 -0.8 -0.35 -0.23 0.01 -0.23
5.64 -1 -0.15 0.52 0.07 0.26
5.64 -1 -0.25 -0.19 -0.11 0.10
5'64 -1 -0.35 -2.14 -0.24 -0.44
5.64 -1.2 -0.15 0.30 -0.19 0.04
5.64 -1.2 -0.25 -0.46 -0.07 0.04
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5.64 -1.4 -0.15 0.25 -0.22 0.23
5.64 -1.4 -0.25 -0.15 -0.48 0.21
5.64 -1.6 -0.15 0.25 -0.58 0.19
5.64 -1.6 -0.25 0.34 -0.30 0.24
5.64 -1.8 -0.15 -0.08 -0.81 0.00
5.64 -1.8 -0.25 -0.60 -0.48 0.18
5.64 -2 -0.15 0.54 -0.29 -0.09
5.64 -2 -0.25 0.03 0.01 -0.01
5.64 -2.2 -0.15 0.73 -0.59 -0.08
5.64 -2.4 -0.15 -0.35 -0.94 0.20
5.64 -2.6 -0.15 0.22 -0.85 0.00
5.64 -2.8 -0.15 -0.56 0.06
5.64 -3 -0.05 -0.82 -2.47 0.04
5.64 -3 -0.15 0.09 -1.58 -0.31
5.64 -3.2 -0.05 -0.66 -3.75 -0.01
5.64 -3.2 -0.15 0.60 -1.19 -0.24
5.64 -3.4 -0.05 0.19 -5.56 -0.17
5.64 -3.4 -0.15 0.31 -3.11 -0.21
5.64 -3.6 -0.05 -0.89 -7.63 -0.21
5.64 -3.6 -0.15 0.50 -3.56 0.01
5.64 -3.8 -0.05 -0.50 -9.32 0.01
Table A2- 26. Line 1-Test 6
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
2 -0.6 -0.15 1.25 -2.27 -0.07
2 -0.6 -0.25 2.37 -2.26 -0.17
2 -0.6 -0.35 0.87 -1.20 -0.03
2 -0.8 -0.05 -1.05 -2.72 -0.04
2 -0.8 -0.15 3.59 -2.51 -0.21
2 -0.8 -0.25 1.53 -2.12 -0.22
2 -0.8 -0.35 0.94 -1.40 -0.27
2 -1 -0.15 2.06 -2.74 -0.14
2 -1 -0.25 2.19 -2.19 0.02
2 -1 -0.35 1.12 -1.36 -0.09
2 -1.2 -0.05 -0.36 -4.08 0.09
*2 -1.2 -0.15 4.38 -3.34 -0.13
2 -1.2 -0.25 2.68 -3.20 -0.37
2 -1.2 -0.35 1.38 -1.44 -0.12
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2 -1.4 -0.05 0.51 -3.76 -0.13
2 -1.4 -0.15 4.20 -4.01 -0.05
2 -1.4 -0.25 2.95 -3.39 -0.22
2 -1.4 -0,35 2.10 -2.56 -0.28
2 -1.6 -0.05 1.33 -4.30 -0.03
2 -1.6 -0.15 4.53 -4.99 -0.20
2 -1.6 -0.25 3.20 -3.41 -0.15
2 -1.6 -0.35 1.91 -3.03 -0.09
2 -1.8 -0.05 1.26 -5.00 -0.20
2 -1.8 -0.15 4.53 -4.84 -0.30
2 -1.8 -0.25 3.57 -4.16 -0.41
2 -1.8 -0.35 1.63 -2.68 -0.09
2 -2 -0.05 2.90 -5.52 -0.27
2 -2 -0.15 5.76 -5.37 -0.41
2 -2 -0.25 3.64 -4.74 -0.29
2 -2 -0.35 -2.20 -0.18
2 -2.2 -0.05 2.90 -5.16 0.13
2 -2.2 -0.15 6.94 -5.12 -0.30
2 -2.2 -0.25 3.44 -4.86 -0.53
2 -2.4 -0.05 2.93 -5.63 -0.11
2 -2.4 -0.15 6.03 -4.74 -0.28
2 -2.4 -0.25 4.87 -5.28 -0.66
2 -2.6 -0.05 2.69 -4.79 -0.11
2 -2.6 -0.15 7.06 -5.60 -0.59
2 -2.6 -0.25 5.29 -4.29 -0.57
2 -2.8 -0.05 2.86 -3.38 -0.35
2 -2.8 -0.15 8.62 -5.02 -0.68
2 -2.8 -0.25 4.09 -3.26 0.11
2 -3 -0.05 2.03 -3.41 -0.35
2 -3 -0.15 7.94 -3.06 -0.65
2 -3 -0.25 2.99 -3.48 -1.02
2 -3.2 -0.05 1.43 -2.99 -0.22
2 -3.2 -0.15 7.29 -2.74 -0.70
2 -3.2 -0.25 1.56 -1.82 -0.94
2 -3.4 -0.05 1.19 -1.31 -0.42
2 -3.4 -0.15 8.94 -2.35 -0.94
2 -3.6 -0.15 6.57 -0.98 -0.78
'2 -3.8 -0.15 5.62 0.01 -0.65
2 -4 -0.15 2.68 1.07 -0.73
2 -4.2 -0.15 -1.98 -0.73
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Table A2- 27. Line 2-Test 6
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.15 -0.41 -0.69 0.17
4 -0.6 -0.25 -0.46 -0.46 0.20
4 -0.6 -0.35 1.04 -0.27 -0.11
4 -0.8 -0.15 -0.09 -0.44 0.35
4 -0.8 -0.25 -0.58 -0.53 0.16
4 -0.8 -0.35 0.80 -0.26 -0.33
4 -1 -0.15 -0.27 -0.62 0.15
4 -1 -0.25 -0.12 0.00 0.12
4 -1.2 -0.05 -4.11 -0.71 -0.01
4 -1.2 -0.15 -0.15 -0.39 0.04
4 -1.2 -0.25 -0.40
4 -1.4 -0.05 0.06
4 -1.4 -0.15 -0.30 -0.95 -0.01
4 -1.4 -0.25 0.55 -0.27
4 -1.6 -0.05 -3.78 -1.47 0.05
4 -1.6 -0.15 0.25 -1.11 -0.13
4 -1.6 -0.25 -0.53 0.28 -0.11
4 -1.8 -0.05 -3.00 -2.38 0.00
4 -1.8 -0.15 0.96 -1.34
4 -1.8 -0.25 -0.08 -0.43
4 -2 -0.05 -2.19 -3.33 -0.15
4 -2 -0.15 2.49 -2.43 -0.31
4 -2.2 -0.05 -1.05 -3.10 -0.25
4 -2.2 -0.15 1.03 -3.24 -0.30
4 -2.4 -0.15 0.08 -3.03 -0.33
4 -2.6 -0.05 -0.75 -5.80 -0.08
4 -2.6 -0.15 0.15 -3.68 0.02
4 -2.8 -0.05 0.46 -6.38 -0.14
4 -2.8 -0.15 -1.21 -4.42 -0.08
4 -3 -0.05 0.59 -6.95 -0.44
4 -3 -0.15 -2.49 -3.74 -0.50
4 -3.2 -0.05 0.54 -6.74 -0.42
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Table A2- 28. Line 3-Test 6
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. Cm)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
5.64 -0.6 -0.15 -0.23 -0.54 0.28
5.64 -0.6 -0.25 -0.35 0.30 0.20
5.64 -0.6 -0.35 -0.27
5.64 -0.8 -0.15 0.15 -0.05 0.27
5.64 -0.8 -0.25 0.22 -0.29 0.08
5.64 -0.8 -0.35 1.52 0.17 -0.33
5.64 -1 -0.15 -0.09 0.15 0.19
5.64 -1 -0.25 -0.27 -0.28 0.10
5.64 -1 -0.35 0.85 0.34 -0.61
5.64 -1.2 -0.15 0.01 -0.41 0.18
5.64 -1.2 -0.25 0.47 -0.18 0.06
5.64 -1.4 -0.15 0.02 0.03 0.14
5.64 -1.4 -0.25 0.57 -0.49 0.07
5.64 -1.6 -0.15 -0.24 -1.13 0.07
5.64 -1.6 -0.25 2.05 -0.19 0.48
5.64 -1.8 -0.15 2.19 -0.27 -0.13
5.64 -1.8 -0.25 0.87 -0.36 0.06
5.64 -2 -0.15 1.04 0.16 -0.07
5.64 -2 -0.25 -0.79 0.58 0.89
5.64 -2.2 -0.15 0.65 -0.88 -0.08
5.64 -2.2 -0.25 -2.56 -0.91 -0.48
5.64 -2.4 -0.15 1.52 -1.11 -0.16
5.64 -2.6 -0.15 1.12 -1.25 -0.06
5.64 -2.8 -0.15 1.29 -1.45 0.18
5.64 -3 -0.15 0.94 -1.09 -0.22
5.64 -3.2 -0.15 2.59 -1.00 0.14
5.64 -3.4 -0.15 3.19 -3.05 -0.45
5.64 -3.6 -0.15 2.49 -4.89 -0.19
5.64 -3.8 -0.15 4.29 -4.51 -0.07
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Table A2- 29. Line 1-Test 7
Long-shore
Distance
_ (m>
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. Cm)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
2 -0.6 -0.10 4.84 -0.30 -0.34
2 -0.6 -0.15 -0.23 -2.13 0.02
2 -0.6 -0.20 -0.55 -2.16 0.23
2 -0.6 -0.25 0.46 -1.21 0.23
2 -0.6 -0.30 0.57 -0.90 0.26
2 -0.6 -0.35 0.32 -0.32 0.07
2 -0.6 -0.40 0.24 -0.49 -0.19
2 -0.8 -0.05 -0.25 0.19
2 -0.8 -0.10 0.31 0.43 0.37
2 -0.8 -0.15 0.31 -0.59 0.13
2 -0.8 -0.20 0.04 -0.79 0.21
2 -0.8 -0.25 -0.03 -0.52 0.21
2 -0.8 -0.30 -0.31 -0.73 0.23
2 -0.8 -0.35 -0.71 -0.37 0.20
2 -0.10 2.04 -0.47 -0.34
2 -1 -0.15 1.91 -0.57 -0.49
2 -1 -0.20 0.02 -1.12 0.37
2 -1 -0.25 -0.39 -0.72 0.20
2 -1 -0.30 0.34 -1.06 -0.05
2 -1 -0.35 0.61 -0.49 0.21
2 -1.2 -0.10 1.34 -1.69 0.12
2 -1.2 -0.15 0.83 -1.50 0.10
2 -1.2 -0.20 0.47 -0.75 0.18
2 -1.2 -0.25 0.40 -0.94 0.22
2 -1.2 -0.30 0.31 -0.85 -0.07
2 -1.2 -0.35 2.94 -0.86 -0.29
2 -1.4 -0.10 4.20 -2.51 -0.55
2 -1.4 -0.15 1.12 -1.96 0.10
2 -1.4 -0.20 1.20 -2.26 -0.28
2 -1.4 -0.25 -0.11 -1.56 0.08
2 -1.4 -0.30 0.36 -1.65 -0.03
2 -1.4 -0.35 -0.38 -0.88 0.24
2 -1.6 -0.10 4.21 -3.02 -0.07
2 -1.6 -0.15 2.18 -2.19 0.45
2 -1.6 -0.20 .0.66 -1.75 0.07
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2 -1.6 -0.25 0.50 -2.32 0.38
2 -1.6 -0.30 1.11 -1.32 -0.03
2 -1.6 -0.35 0.38 -1.29 -0.06
2 -1.8 -0.10 3.68 -3.21 0.28
2 -1.8 -0.15 2.15 -2.21 0.73
2 -1.8 -0.20 2.79 -3.97 -0.06
2 -1.8 -0.25 2.26 -2.62 0.41
2 -1.8 -0.30 1.05 -1.65 0.13
2 -1.8 -0.35 -2.64 -1.42 0.04
2 -2 -0.10 5.54 -6.40 -0.22
2 -2 -0.15 5.42 -6.33 -0.53
2 -2 -0.20 4.57 -5.94 -0.29
2 -2 -0.25 0.68 -2.93 -0.01
2 -2 -0.30 4.98 -7.54 -0.68
2 -2 -0.35 -0.53 -2.71 -0.32
2 -2.2 -0.10 8.10 -8.62 -1.03
2 -2.2 -0.15 7.94 -8.67 -0.71
2 -2.2 -0.20 6.90 -8.24 -1.01
2 -2.2 -0.25 6.79 -8.21 -0.73
2 -2.2 -0.30 3.21 -3.63 0.73
2 -2.4 -0.10 8.40 -7.34 -3.18
2 -2.4 -0.15 6.10 -9.19 -1.87
2 -2.4 -0.20 5.90 -10.16 -1.71
2 -2.4 -0.25 4.43 -9.33 -0.90
2 -2.4 -0.30 1.56 -6.98 -1.24
2 -2.6 -0.10 8.89 -5.72 -0.47
2 -2.6 -0.15 5.06 -9.58 -0.23
2 -2.6 -0.20 4.36 -10.22 0.03
2 -2.6 -0.25 3.93 -8.03 -0.02
2 -2.8 -0.10 8.64 -5.31 -0.43
2 -2.8 -0.15 6.36 -7.77 -0.16
2 -2.8 -0.20 4.33 -8.31 -0.79
2 -3 -0.05 -1.05 0.90
2 -3 -0.10 7.86 -2.80 0.80
2 -3 -0.15 5.92 -5.26 0.41
2 -3 -0.20 3.64 -2.81 0.99
2 -3.2 -0.10 14.90 3.76 -1.43
* 2 -3.2 -0.15 11.02 -1.08 -1.50
2 -3.2 -0.20 5.12 -2.41 -0.73
2 -3.4 -0.10 12.46 2.27 -0.70
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2 -3.4 -0.15 8.71 0.36 -1.11
2 -3.6 -0.10 9.30 1.81 -0.81
2 -3.6 -0.15 6.67 1.10 -1.55
2 -3.8 -0.10 9.61 2.85 -0.28
2 -3.8 -0.15 4.47 0.48 -1.34
2 -4 -0.10 5.18 1.59 -0.78
2 -4 -0.15 0.17 0.89 -0.18
2 -4.2 -0.10 3.09 -2.25 0.11
2 -4.4 -0.010 0.16 -0.77 -0.45
Table A2- 30. Line 2-Test 7
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m) ! 
<
w
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.10 1.11 0.84 -0.22
4 -0.6 -0.15 0.76 -2.29 0.46
4 -0.6 -0.20 1.46 -2.51 0.40
4 -0.6 -0.25 1.01 -1.96 0.55
4 -0.6 -0.30 0.45 -1.91 0.19
4 -0.6 -0.35 0.91 -0.95 0.20
4 -0.6 -0.40 0.78 -0.69 0.15
4 -0.8 -0.10 2.29 -1.06 0.12
4 -0.8 -0.15 1.87 -1.24 0.11
4 -0.8 -0.20 1.64 -0.98 0.09
4 -0.8 -0.25 1.42 -0.88 -0.08
4 -0.8 -0.30 0.75 -0.93 -0.03
4 -0.8 -0.35 0.42 -0.39 0.30
4 -0.8 -0.40 0.72 -0.25 0.11
4 -0.10 1.15 -1.21 0.58
4 -0.15 0.90 -0.89 0.33
4 -1 -0.20 0.90 -0.53 -0.06
4 -1 -0.25 0.64 -0.31 -0.09
4 -1 -0.30 0.66 -0.04 -0.11
4 “1 -0.35 0.38 0.11 -0.05
4 -1.2 -0.10 0.97 0.26 0.33
4 -1.2 -0.15 0.76 0.24 0.46
4 -1.2 -0.20 0.50 0.09 0.18
* 4 -1.2 -0.25 0.61 0.33 0.29
4 -1.2 -0.30 1.73 0.35 0.31
4 -1.2 -0.35 1.90 -0.06 0.02
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4 -1.4 -0.10 -0.41 -1.32 0.39
4 -1.4 -0.15 -0.58 -0.63 0.23
4 -1.4 -0.20 -0.01 -0.68 0.54
4 -1.4 -0.25 0.43 -0.95 0.47
4 -1.4 -0.30 0.91 -0.64 0.41
4 -1.4 -0.35 1.78 0.06 0.14
4 -1.6 -0.10 0.11 0.23 0.47
4 -1.6 -0.15 -0.52 -0.06 0.27
4 -1.6 -0.20 0.83 0.30 0.26
4 -1.6 -0.25 0.87 -0.66 0.36
4 -1.6 -0.30 1.96 0.12 0.06
4 -1.6 -0.35 3.09 0.57 0.02
4 -1.8 -0.10 0.94 0.38 0.16
4 -1.8 -0.15 0.18 0.47 0.05
4 -1.8 -0.20 0.09 0.45 -0.04
4 -1.8 -0.25 0.54 0.32 0.03
4 -1.8 -0.30 0.29 0.18 -0.10
4 -2 -0.05 -2.13 -0.14 -0.08
4 -2 -0.10 1.40 0.60 0.12
4 -2 -0.15 -0.34 -0.59 -0.01
4 -2 -0.20 0.07 -0.58 0.08
4 -2 -0.25 0.15 -0.32 0.19
4 -2 -0.30 0.09 -0.94 0.65
4 -2.2 -0.05 -2.17 -0.41
4 -2.2 -0.10 1.54 0.37 -0.34
4 -2.2 -0.15 -0.09 -0.11 0.31
4 -2.2 -0.20 0.24 0.64 0.13
4 -2.2 -0.25 -0.38 0.84 -0.12
4 -2.4 -0.05 -2.10 0.29
4 -2.4 -0.10 1.07 0.24 0.59
4 -2.4 -0.15 0.60 0.40 0.55
4 -2.4 -0.20 -0.04 0.11 0.42
4 -2.4 -0.25 0.45 0.21 0.44
4 -2.6 -0.10 0.45 -0.53 0.33
4 -2.6 -0.15 0.83 -0.33 0.07
4 -2.6 -0.20 1.24 -0.17 -0.22
4 -2.8 -0.10 2.71 -1.38 0.43
* 4 -2.8 -0.15 2.36 -0.74 0.26
4 -2.8 -0.20 0.40 -0.56 0.04
4 -3 -0.10 ' 5.34 -6.25 -0.29
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4 -3 -0.15 3.73 -4.83 -0.04
4 -3 -0.20 3.02 -2.27 -0.41
4 -3.2 -0.10 5.57 -10.45 -0.65
4 -3.2 -0.15 5.10 -9.09 -0.84
4 -3.4 -0.10 7.57 -14.15 -0.83
4 -3.4 -0.15 1.59 -7.82
4 -3.6 -0.10 8.83 -15.80 -1.63
4 -3.8 -0.10 5.10 -13.14 0.10
4 -4 -0.10 2.52 -9.19 -0.55
Table A2- 31. Line 3-Test 7
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
5.64 -0.6 -0.10 -1.49 1.04 0.04
5.64 -0.6 -0.15 -1.55 -0.44 -0.38
5.64 -0.6 -0.20 0.28 -0.52 0.13
5.64 -0.6 -0.25 0.34 -1.74 0.07
5.64 -0.6 -0.30 0.62 -1.89 0.01
5.64 -0.6 -0.35 0.82 -1.48 -0.09
5.64 -0.6 -0.40 1.00 -1.19 -0.10
5.64 -0.8 -0.10 0.99 -0.91 -0.11
5.64 -0.8 -0.15 0.72 -1.27 -0.03
5.64 -0.8 -0.20 0.92 -1.10 0.01
5.64 -0.8 -0.25 1.10 -0.08 0.09
5.64 -0.8 -0.30 -0.10 -0.50 0.24
5.64 -0.8 -0.35 -0.23 -0.44 0.21
5.64 -0.8 -0.40 -0.25 -1.00 -0.16
5.64 _ \ -0.10 1.20 -0.56 -0.12
5.64 -1 -0.15 1.30 -0.43 0.21
5.64 -1 -0.20 0.98 -0.63 0.19
5.64 “1 -0.25 0.86 -0.34 0.16
5.64 “1 -0.30 0.47 -0.38 0.15
5.64 - J -0.35 0.29 -0.23 -0.32
5.64 -1.2 -0.10 1.56 0.16 0.28
5.64 -1.2 -0.15 1.33 -0.09 0.28
5.64 -1.2 -0.20 0.45 -0.02 0.35
5.64 -1.2 -0.25 0.82 0.46 0.11
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5.64 -1.2 -0.30 0.08 -0.34 0.02
5.64 -1.2 -0.35 2.33 0.56 -0.17
5.64 -1.4 -0.05 -3.46 0.09 -0.08
5.64 -1.4 -0.10 0.44 0.13 0.08
5.64 -1.4 -0.15 0.42 0.07 0.24
5.64 -1.4 -0.20 -0.13 -0.05 0.23
5.64 -1.4 -0.25 0.58 -0.45 0.19
5.64 -1.4 -0.30 0.55 0.22 0.09
5.64 -1.4 -0.35 -2.03 -2.46 0.03
5.64 -1.6 -0.05 -4.30 0.22 -0.17
5.64 -1.6 -0.10 0.64 0.10 0.10
5.64 -1.6 -0.15 0.00 0.03 -0.01
5.64 -1.6 -0.20 0.58 -0.05 0.07
5.64 -1.6 -0.25 0.40 -0.34 -0.01
5.64 -1.6 -0.30 1.64 -0.52 -0.09
5.64 -1.8 -0.05 -2.04 1.56 0.06
5.64 -1.8 -0.10 0.82 -0.13 0.25
5.64 -1.8 -0.15 0.85 -0.07 0.09
5.64 -1.8 -0.20 0.72 -0.14 0.07
5.64 -1.8 -0.25 1.25 -0.10 -0.24
5.64 -1.8 -0.30 3.32 0.01 -0.75
5.64 -2 -0.05 0.87 -0.13 0.27
5.64 -2 -0.10 1.18 0.12 0.38
5.64 -2 -0.15 0.96 0.23 0.13
5.64 -2 -0.20 1.14 0.20 0.02
5.64 -2 -0.25 0.25 0.11 0.06
5.64 -2 -0.30 -0.19 -0.09 -0.03
5.64 -2.2 -0.05 0.66 0.11 0.10
5.64 -2.2 -0.10 0.86 -0.66 0.61
5.64 -2.2 -0.15 0.83 -0.48 0.54
5.64 -2.2 -0.20 1.35 0.16 0.21
5.64 -2.2 -0.25 1.72 0.15 -0.59
5.64 -2.4 -0.05 -0.32 -0.51 0.23
5.64 -2.4 -0.10 1.08 -0.69 0.38
5.64 -2.4 -0.15 1.48 -0.55 0.23
5.64 -2.4 -0.20 1.14 -0.57 0.12
5.64 -2.4 -0.25 -0.04 1.67 -0.95
* 5.64 -2.6 -0.05 -0.56 -0.84 0.11
5.64 -2.6 -0.10 2.76 -0.73 -0.14
5.64 -2.6 -0.15 2.48 -0.58 -0.27
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5.64 -2.6 -0.20 -0.03 -0.97 -0.09
5.64 -2.8 -0.10 3.00 -0.78 0.21
5.64 -2.8 -0.15 1.76 -0.97 0.38
5.64 -2.8 -0.20 0.85 -0.50 0.36
5.64 -3 -0.05 -2.15 -0.40 0.38
5.64 -3 -0.10 2.44 -0.84 0.66
5.64 -3 -0.15 1.69 -1.22 0.53
5.64 -3 -0.20 1.18 -1.21 -0.15
5.64 -3.2 -0.05 -2.16 -3.61 0.19
5.64 -3.2 -0.10 3.88 -4.13 -0.43
5.64 -3.2 -0.15 4.62 -4.01 -0.63
5.64 -3.4 -0.05 -1.10 -4.41 -0.93
5.64 -3.4 -0.10 6.03 -9.67 -0.64
5.64 -3.4 -0.15 2.96 -4.29 -0.22
5.64 -3.6 -0.05 -0.49 -0.39
5.64 -3.6 -0.10 6.00 -12.56 -0.62
5.64 -3.8 -0.10 3.13 -11.86 -0.41
Table A2- 32. Line 1-Test 8
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
2 -0.6 -0.10 8.43 -1.72 -0.41
2 -0.6 -0.15 3.02 -2.40 -0.25
2 -0.6 -0.20 2.24 -1.92 0.14
2 -0.6 -0.25 1.72 -1.45 0.06
2 -0.6 -0.30 1.18 -1.70 0.09
2 -0.6 -0.35 0.73 -1.10 0.07
2 -0.6 -0.40 0.54 -0.35 0.05
2 -0.8 -0.10 1.56 -1.04 0.47
2 -0.8 -0.15 1.20 -0.59 0.43
2 -0.8 , -0.20 1.21 -0.81 0.50
2 -0.8 -0.25 0.88 -0.69 0.56
2 -0.8 -0.30 0.76 -0.68 0.32
2 -0.8 -0.35 0.84 -0.34 0.26
2 -0.8 -0.40 1.70 0.24 -0.24
2 -1 -0.10 2.13 -1.54 0.22
2 -1 -0.15 0.03 -0.88 0.12
2 -1 -0.20 0.68 -0.75 -0.08
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2 -1 -0.25 0.21 -0.59 -0.06
2 -1 -0.30 0.36 -0.29 -0.03
2 -1 -0.35 1.60 -0.34 -0.37
2 -1.2 -0.10 2.18 -1.60 0.04
2 -1.2 -0.15 2.25 -2.21 -0.64
2 -1.2 -0.20 0.92 -0.98 -0.37
2 -1.2 -0.25 1.21 -0.65 -0.48
2 -1.2 -0.30 0.64 -0.64 -0.17
2 -1.2 -0.35 -0.41 -0.12 -0.13
2 -1.4 -0.05 -1.26 -3.38 -0.33
2 -1.4 -0.10 4.19 -3.46 -0.28
2 -1.4 -0.15 3.36 -2.93 -0.15
2 -1.4 -0.20 2.42 -2.99 -0.79
2 -1.4 -0.25 1.78 -1.81 0.17
2 -1.4 -0.30 1.02 -2.11 -0.46
2 -1.4 -0.35 1.26 -1.50 -0.18
2 -1.6 -0.10 5.13 -3.93 -0.10
2 -1.6 -0.15 4.54 -3.22 -0.32
2 -1.6 -0.20 3.01 -3.13 -0.21
2 -1.6 -0.25 2.96 -2.79 -0.41
2 -1.6 -0.30 4.58 -4.08 -0.38
2 -1.6 -0.35 0.36 -1.02 -0.17
2 -1.8 -0.05 3.78 -4.70 -0.10
2 -1.8 -0.10 7.76 -5.57 0.06
2 -1.8 -0.15 7.85 -5.65 -0.02
2 -1.8 -0.20 5.66 -4.19 -0.16
2 -1.8 -0.25 5.30 -3.79 0.02
2 -1.8 -0.30 2.74 -2.63 -0.08
2 -1.8 -0.35 -0.67 -2.29 -0.55
2 -2 -0.05 5.58 -6.35 -0.39
2 -2 -0.10 11.80 -9.43 -0.58
2 -2 -0.15 6.00 -5.70 -0.83
2 -2 -0.20 8.81 -7.06 -0.55
2 -2 -0.25 6.55 -4.80 -0.53
2 -2 -0.30 4.09 -4.79 -1.17
2 -2 -0.35 0.30 -3.73 -1.37
2 -2.2 -0.05 4.85 -8.12
* 2 -2.2 -0.10 13.05 -10.67 -0.82
2 -2.2 -0.15 13.01 -9.84 -1.09
2 -2.2 -0.20 11.18 -8.55 -0.72
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2 -2.2 -0.25 9.80 -6.79 -0.52
2 -2.2 -0.30 4.97 -3.38 -0.26
2 -2.4 -0.05 1.79 -7.58
2 -2.4 -0.10 11.31 -8.02 -0.80
2 -2.4 -0.15 12.10 -8.87 -0.99
2 -2.4 -0.20 10.05 -8.40 -0.69
2 -2.4 -0.25 7.79 -7.11 -0.55
2 -2.4 -0.30 2.91 -2.35 -1.03
2 -2.6 -0.05 0.76 -5.00
2 -2.6 -0.10 9.26 -5.51 -0.57
2 -2.6 -0.15 8.74 -4.78 -0.87
2 -2.6 -0.20 7.73 -6.04 -0.97
2 -2.6 -0.25 4.93 -5.11 -0.52
2 -2.8 -0.05 2.08
2 -2.8 -0.10 10.11 -3.69 -1.38
2 -2.8 -0.15 9.44 -4.50 -1.82
2 -2.8 -0.20 7.21 -4.74 -1.53
2 -3 -0.10 11.50 -2.89 -1.38
2 -3 -0.15 10.30 -3.48 -0.82
2 -3 -0.20 3.51 -5.19 0.43
2 -3.2 -0.10 9.73 1.41 0.05
2 -3.2 -0.15 9.75 -2.38 -0.32
2 -3.2 -0.20 5.51 -5.43 -0.40
2 -3.4 -0.10 10.60 0.75 -0.62
2 -3.4 -0.15 9.37 -1.79 -0.58
2 -3.4 -0.20 5.78 -2.71 -1.59
2 -3.6 -0.10 8.96 2.24 -1.48
2 -3.6 -0.15 7.99 1.45 -1.86
2 -3.8 -0.10 11.06 3.74 -1.32
2 -3.8 -0.15 4.33 1.66 -1.70
2 -4 -0.10 10.09 4.10 -2.25
2 -4 -0.15 1.21
2 -4.2 -0.10 12.35 4.76
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Table A2- 33. Line 2-Test 8
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.10 -1.69 -0.01 0.13
4 -0.6 -0.15 -1.09 -1.57 0.28
4 -0.6 -0.20 -0.57 -1.77 -0.23
4 -0.6 -0.25 0.80 -1.42 -0.03
4 -0.6 -0.30 0.01 -1.81 0.26
4 -0.6 -0.35 0.32 -1.33 -0.03
4 -0.6 -0.40 0.23 -0.93 -0.02
4 -0.8 -0.10 0.51 -1.26 0.41
4 -0.8 -0.15 0.42 -0.98 0.30
4 -0.8 -0.20 0.76 -0.37 0.51
4 -0.8 -0.25 0.23 -0.73 0.39
4 -0.8 -0.30 0.14 -0.24 0.52
4 -0.8 -0.35 0.48 0.09 0.52
4 -0.8 -0.40 0.67 0.08 0.18
4 -] -0.10 0.32 -0.49 0.33
4 -1 -0.15 -0.16 -0.40 0.41
4 -1 -0.20 -0.09 0.54 0.49
4 -1 -0.25 0.71 0.57 0.42
4 -1 -0.30 1.66 0.70 0.17
4 -1 -0.35 2.21 0.32 0.08
4 -1.2 -0.10 0.97 0.26 0.33
4 -1.2 -0.15 0.76 0.24 0.46
4 -1.2 -0.20 0.50 0.09 0.18
4 -1.2 -0.25 0.61 0.33 0.29
4 -1.2 -0.30 1.73 0.35 0.31
4 -1.2 -0.35 1.90 -0.06 0.02
4 -1.4 -0.10 0.57 -0.87 -0.13
4 -1.4 -0.15 0.26 -0.67 -0.14
4 -1.4 -0.20 0.43 -0.03 0.21
4 -1.4 -0.25 0.60 0.09 0.10
4 -1.4 -0.30 0.59 -0.07 -0.12
4 -1.4 -0.35 1.64 0.10 0.05
4 -1.6 -0.05 -3.78 -1.64 0.22
4 -1.6 -0.10 1.30 0.25 0.21
4 -1.6 -0.15 1.24 0.31 0.08
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4 -1.6 -0.20 0.11 -0.80 0.03
4 -1.6 -0.25 0.18 -0.26 -0.10
4 -1.6 -0.30 0.97 0.30 0.01
4 -1.6 -0.35 1.14 0.69 -0.33
4 -1.8 -0.10 1.27 0.02 0.25
4 -1.8 -0.15 1.43 0.01 0.15
4 -1.8 -0.20 1.02 0.15 0.12
4 -1.8 -0.25 1.25 0.22 -036
4 -1.8 -0.30 0.62 -0.35 -0.12
4 -2 -0.10 1.58 -0.36 0.17
4 -2 -0.15 0.85 -0.64 -0.02
4 -2 -0.20 1.13 -0.23 -0.10
4 -2 -0.25 0.57 -0.25 -0.16
4 -2.2 -0.05 -3.47 -1.89 0.00
4 -2.2 -0.10 2.29 -1.02 -0.21
4 -2.2 -0.15 1.22 -0.99 -0.09
4 -2.2 -0.20 1.89 -0.43 -0.20
4 -2.2 -0.25 0.82 -0.94 -0.42
4 -2.4 -0.05 -2.64 -2.98
4 -2.4 -0.10 2.97 -1.65 -0.45
4 -2.4 -0.15 1.64 -1.50 -0.25
4 -2.4 -0.20 0.45 -1.49 -0.20
4 -2.4 -0.25 -2.35 -1.86 0.30
4 -2.6 -0.10 2.73 -2.58 -0.29
4 -2.6 -0.15 1.83 -1.80 -0.08
4 -2.6 -0.20 -0.61 -1.78 0.08
4 -2.6 -0.25 -1.36 -0.83 -0.09
4 -2.8 -0.10 1.94 -3.45 0.17
4 -2.8 -0.15 0.85 -2.26 0.09
4 -2.8 -0.20 -0.72 -1.56 -0.29
4 -3 -0.10 4.60 -6.70 -0.02
4 -3 -0.15 3.37 -4.24 0.20
4 -3 -0.20 -0.40 -2.93 0.07
4 -3.2 -0.10 7.76 -9.62 -0.46
4 -3.2 -0.15 5.34 -7.74 -0.71
4 -3.4 -0.10 10.27 -11.08 -0.42
4 -3.4 -0.15 4.74 -6.78 -0.42
* 4 -3.6 -0.10 11.93 -12.76 -0.66
4 -3.8 -0.10 15.07 -14.54 -1.11
4 -4 -0.10 11.45 -13.39 -1.33
449
APPENDICES Appendix II
Table A2- 34. Line 3-Test 8
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. fin)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
5.64 -0.6 -0.10 -0.60 0.51 0.23
5.64 -0.6 -0.15 0.88 0.03 0.21
5.64 -0.6 -0.20 1.02 0.01 -0.12
5.64 -0.6 -0.25 1.30 0.18 -0.05
5.64 -0.6 -0.30 -0.37 0.06 -0.02
5.64 -0.6 -0.35 -0.12 -0.47 -0.07
5.64 -0.6 -0.40 -0.79 -0.32 -0.43
5.64 -0.8 -0.10 1.21 -0.44 0.13
5.64 -0.8 -0.15 1.02 -0.59 -0.23
5.64 -0.8 -0.20 0.64 -0.58 0.43
5.64 -0.8 -0.25 0.98 0.05 -0.11
5.64 -0.8 -0.30 0.31 -0.41 -0.02
5.64 -0.8 -0.35 0.14 -0.50 -0.04
5.64 -0.8 -0.40 -1.99 -1.09 0.14
5.64 -1 -0.10 1.77 -0.17 -0.29
5.64 -1 -0.15 2.00 -0.02 -0.14
5.64 -0.20 1.87 -0.42 0.04
5.64 -1 -0.25 2.00 -0.36 0.23
5.64 -1 -0.30 0.97 -0.69 0.36
5.64 -0.35 -0.12 -0.44 0.07
5.64 -1.2 -0.10 0.71 0.04 0.60
5.64 -1.2 -0.15 0.95 0.51 0.41
5.64 -1.2 -0.20 0.69 0.61 0.35
5.64 -1.2 -0.25 0.65 0.38 0.48
5.64 -1.2 -0.30 1.16 0.22 0.22
5.64 -1.2 -0.35 2.08 0.11 1.34
5.64 -1.4 -0.10 0.83 0.73 0.31
5.64 -1.4 v -0.15 1.02 0.83 0.41
5.64 -1.4 -0.20 1.18 0.42 0.29
5.64 -1.4 -0.25 1.48 0.55 0.22
5.64 -1.4 -0.30 2.36 0.23 -0.28
5.64 -1.6 -0.05 0.10
5.64 -1.6 -0.10 0.63 0.04 0.30
5.64 -1.6 -0.15 0.45 -0.20 0.01
5.64 -1.6 -0.20 1.09 0.47 0.20
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5.64 -1.6 -0.25 2.06 0.50 0.16
5.64 -1.6 -0.30 2.67 0.28 -0.31
5.64 -1.8 -0.05 -3.82 -1.25 0.00
5.64 -1.8 -0.10 -0.06 -0.76 0.15
5.64 -1.8 -0.15 -0.02 -0.76 0.04
5.64 -1.8 -0.20 0.58 -0.53 -0.01
5.64 -1.8 -0.25 0.44 -0.45 -0.24
5.64 -1.8 -0.30 -2.84 -1.92 -0.36
5.64 -2 -0.05 -2.78 -1.56 0.19
5.64 -2 -0.10 0.67 -0.38 0.10
5.64 -2 -0.15 0.01 -0.50 0.16
5.64 -2 -0.20 0.86 -0.54 -0.11
5.64 -2 -0.25 0.50 0.14 -0.03
5.64 -2 -0.30 0.41 -0.16 -0.01
5.64 -2.2 -0.05 0.71 0.15 -0.23
5.64 -2.2 -0.10 1.33 -0.32 0.11
5.64 -2.2 -0.15 1.14 -0.30 0.00
5.64 -2.2 -0.20 1.02 -0.32 -0.10
5.64 -2.2 -0.25 2.30 0.16 -0.58
5.64 -2.4 -0.05 -0.15 -0.36 -0.19
5.64 -2.4 -0.10 2.12 -0.56 -0.08
5.64 -2.4 -0.15 1.54 -0.50 -0.14
5.64 -2.4 -0.20 1.71 -0.17 -0.10
5.64 -2.4 -0.25 -5.19 0.02 0.69
5.64 -2.6 -0.05 -0.69 -1.84 -0.46
5.64 -2.6 -0.10 3.13 -1.31 -0.45
5.64 -2.6 -0.15 1.35 -1.54 -0.21
5.64 -2.6 -0.20 0.50 -1.38 -0.46
5.64 -2.8 -0.05 -1.07 -1.27 -0.45
5.64 -2.8 -0.10 2.49 -1.63 -0.25
5.64 -2.8 -0.15 1.70 -1.66 0.08
5.64 -2.8 -0.20 -2.18 -1.88 0.90
5.64 -3 -0.05 -2.45 -2.07
5.64 -3 -0.10 2.39 -1.63 0.10
5.64 -3 -0.15 0.32 -1.62 0.22
5.64 -3 -0.20 -1.15 -1.32 -0.23
5.64 -3.2 -0.05 -4.11
* 5.64 -3.2 -0.10 1.93 -3.76 0.02
5.64 -3.2 -0.15 2.46 -1.92
5.64 -3.4 -0.10 4.00 -7.97 -0.64
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5.64 -3.4 -0.15 -0.30 -4.16 0.18
5.64 -3.6 -0.10 5.45 -10.68 -0.66
5.64 -3.8 -0.10 2.98 -10.13 0.20
5.64 -4 -0.10 3.15 -9.74
5.64 -4.2 -0.10 5.55 -9.46
Table A2- 35. Line 1-Test 9
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
2 -0.6 -0.15 3.92 -2.16 -0.32
2 -0.6 -0.25 1.86 -1.89 -0.16
2 -0.6 -0.35 0.23 -1.81 0.13
2 -0.8 -0.05 -0.85 -0.21
2 -0.8 -0.15 3.41 -2.34 0.08
2 -0.8 -0.25 1.63 -2.16 -0.17
2 -0.8 -0.35 0.05 -1.46 0.00
2 -1 -0.05 0.57 -2.75 -0.09
2 -1 -0.15 4.26 -2.88 -0.28
2 -1 -0.25 1.52 -2.64 -0.10
2 -1 -0.35 -0.61 -1.86 0.13
2 -1.2 -0.15 5.58 -3.30 -0.12
2 -1.2 -0.25 2.08 -3.11 -0.33
2 -1.2 -0.35 -0.87 -2.07 0.07
2 -1.4 -0.05 1.86 -3.34 0.11
2 -1.4 -0.15 5.05 -4.03 -0.21
2 -1.4 -0.25 1.56 -2.97 0.02
2 -1.4 -0.35 -0.68 -2.02 0.05
2 -1.6 -0.05 3.70 -4.15 -0.22
2 -1.6 -0.15 5.73 -4.03 0.09
2 -1.6 -0.25 3.10 -3.35 0.04
2 -1.6 -0.35 0.34 -2.05 -0.12
2 -1.8 -0.05 3.46 -4.32 -0.08
2 -1.8 -0.15 5.57 -4.70 -0.21
2 -1.8 -0.25 3.25 -4.18 -0.20
2 -1.8 -0.35 0.30 -2.29 -0.10
2 -2 -0.05 4.61 -4.64 -0.23
’ 2 -2 -0.15 7.65 -5.48 -0.34
2 -2 -0.25 4.02 -5.34 -0.33
2 -2 -0.35 1.06 -3.01 -0.20
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2 -2.2 -0.05 5.11 -4.09 -0.14
2 -2.2 -0.15 8.95 -6.02 -0.50
2 -2.2 -0.25 5.66 -6.30 -0.52
2 -2.4 -0.05 4.97 -4.16 -0.19
2 -2.4 -0.15 9.06 -5.60 -0.58
2 -2.4 -0.25 5.47 -6.46 -0.36
2 -2.6 -0.05 5.54 -3.39 -0.28
2 -2.6 -0.15 10.15 -5.45 -0.60
2 -2.6 -0.25 5.95 -6.19 -0.48
2 -2.8 -0.05 5.59 -2.24 -0.32
2 -2.8 -0.15 8.97 -4.93 -0.68
2 -2.8 -0.25 6.12 -6.12 -0.88
2 -3 -0.05 6.76 -2.19 -0.83
2 -3 -0.15 11.83 -3.65 -1.47
2 -3 -0.25 1.84 -4.13 -0.23
2 -3.2 -0.05 5.25 -1.27 -0.55
2 -3.2 -0.15 9.63 -2.63 -1.17
2 -3.4 -0.15 11.40 -2.49 -1.45
2 -3.6 -0.15 10.43 -1.43 -1.85
2 -3.8 -0.15 9.95 -0.70 -0.63
Table A2- 36. Line 2-Test 9
Long-shore
Distance
(m)
Cross-shore
Distance
(in)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.15 0.61 -0.46 0.31
4 -0.6 -0.25 0.21 -0.79 0.21
4 -0.6 -0.35 0.41 -0.73 -0.01
4 -0.8 -0.15 0.73 -0.60 0.18
4 -0.8 -0.25 -0.26 -0.82 0.15
4 -0.8 -0.35 -0.56 -0.72 -0.05
4 -1 -0.15 0.93 -0.82 0.26
4 -1 -0.25 0.50 -0.69 0.10
4 -1 -0.35 -0.34 -0.69 0.17
4 -1.2 -0.15 0.54 -0.89 0.25
4 -1.2 -0.25 -0.40 -0.65 0.13
4 -1.2 -0.35 -0.54 -0.33 -0.02
4 -1.4 -0.15 0.79 -0.18 0.16
4 -1.4 -0.25 -0.09 -0.42 0.16
4 -1.4 -0.35 -0.55 -0.65 -0.03
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4 -1.6 -0.05 -2.05 -0.87 -0.01
4 -1.6 -0.15 1.36 -0.22 0.03
4 -1.6 -0.25 -0.18 -0.22 0.11
4 -1.6 -0.35 -1.21 -0.40 -0.33
4 -1.8 -0.05 -2.42 -1.10 0.02
4 -1.8 -0.15 1.23 -0.48 0.12
4 -1.8 -0.25 -0.68 -0.52 0.07
4 -2 -0.15 1.32 -0.75 0.15
4 -2 -0.25 -0.06 -0.65 0.04
4 -2.2 -0.05 -1.69 -1.64 -0.03
4 -2.2 -0.15 1.23 -1.21 0.01
4 -2.2 -0.25 0.22 -0.95 -0.09
4 -2.4 -0.05 -1.86 -1.64 -0.13
4 -2.4 -0.15 1.26 -1.14 -0.03
4 -2.4 -0.25 0.63 -0.75 -0.11
4 -2.6 -0.05 -3.18 -2.26 0.10
4 -2.6 -0.15 1.38 -1.26 0.12
4 -2.6 -0.25 -0.16 -0.25 0.29
4 -2.8 -0.05 -2.00 -3.30 -0.01
4 -2.8 -0.15 0.85 -1.74 -0.01
4 -2.8 -0.25 0.80 -0.02 -0.45
4 -3 -0.05 -1.14 -4.40 -0.11
4 -3 -0.15 2.28 -2.36 -0.23
4 -3.2 -0.05 -0.72 -3.85
4 -3.2 -0.15 2.53 -3.78 -0.42
4 -3.4 -0.05 -0.50
4 -3.4 -0.15 1.69 -3.77 -0.17
Table A2- 37. Line 3-Test 9
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
5.64 -0.6 -0.15 0.57 0.40 0.53
5.64 -0.6 -0.25 -0.16 0.73 0.23
5.64 -0.6 -0.35 -0.56 -0.10 -0.14
5.64 -0.8 -0.15 -0.27 -0.51 0.23
5.64 -0.8 -0.25 0.26 0.11 0.18
’ 5.64 -0.8 -0.35 -0.55 -0.27 0.05
5.64 -1 -0.15 0.46 0.07 0.22
5.64 -1 -0.25 -0.38 0.13 0.18
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5.64 -1 -0.35 0.31 0.26 0.21
5.64 -1.2 -0.05 -3.80 -0.85 0.01
5.64 -1.2 -0.15 0.06 -0.16 0.12
5.64 -1.2 -0.25 -0.21 0.39 0.11
5.64 -1.2 -0.35 -0.89 0.34 -0.07
5.64 -1.4 -0.05 -3.37 -1.53 0.07
5.64 -1.4 -0.15 0.25 0.21 0.12
5.64 -1.4 -0.25 -0.05 0.15 0.06
5.64 -1.4 -0.35 -2.07 0.01 -0.05
5.64 -1.6 -0.05 -3.13 -0.11 0.17
5.64 -1.6 -0.15 0.58 0.53 0.10
5.64 -1.6 -0.25 -0.03 -0.02 0.05
5.64 -1.8 -0.05 -3.61 -0.21 0.06
5.64 -1.8 -0.15 0.31 0.25 0.10
5.64 -1.8 -0.25 -0.37 -0.06 0.12
5.64 -2 -0.05 -2.43 -0.50 0.05
5.64 -2 -0.15 0.48 0.31 0.03
5.64 -2 -0.25 -0.41 -0.06 0.18
5.64 -2.2 -0.05 -2.26 -0.50 0.03
5.64 -2.2 -0.15 0.59 0.23 -0.04
5.64 -2.2 -0.25 -0.31 -0.27 -0.02
5.64 -2.4 -0.05 -2.49 -1.14 0.14
5.64 -2.4 -0.15 0.83 0.04 -0.09
5.64 -2.4 -0.25 0.13 1.35 0.81
5.64 -2.6 -0.05 -0.86 -1.00 -0.04
5.64 -2.6 -0.15 0.74 -0.28 -0.16
5.64 -2.8 -0.05 -0.79 -1.73 -0.07
5.64 -2.8 -0.15 1.00 -0.53 -0.09
5.64 -3 -0.05 -0.37 -2.25 -0.16
5.64 -3 -0.15 1.00 -0.86 0.00
5.64 -3.2 -0.05 -0.15 -2.51 -0.09
5.64 -3.2 -0.15 1.09 -1.54 -0.18
5.64 -3.4 -0.05 -0.80 -3.46 -0.24
5.64 -3.4 -0.15 1.95 -1.61 -0.31
5.64 -3.6 -0.05 0.01 -5.24 -0.70
5.64 -3.6 -0.15 2.75 2.42
5.64 -3.8 -0.15 -1.30 -3.56 -0.44
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Table A2- 38. Line 1-Test 10
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
2 -0.6 -0.15 4.91 -2.64 -0.16
2 -0.6 -0.25 4.13 -2.34 -0.15
2 -0.6 -0.35 3.28 -3.29 -0.20
2 -0.8 -0.05 1.18 -2.77 -0.17
2 -0.8 -0.15 5.52 -1.54 -0.35
2 -0.8 -0.25 4.20 -3.21 -0.25
2 -0.8 -0.35 2.53 -2.67 -0.34
2 -1 -0.05 -0.46 -1.74 -0.20
2 -1 -0.15 4.48 -1.94 -0.22
2 -1 -0.25 3.85 -1.88 -0.08
2 -1 -0.35 0.90 -2.66 0.02
2 -1.2 -0.05 0.44
2 -1.2 -0.15 4.44 -2.04 -0.16
2 -1.2 -0.25 3.60 -2.74 -0.08
2 -1.2 -0.35 1.79 -2.65 -0.19
2 -1.4 -0.05 1.26 -2.18 -0.10
2 -1.4 -0.15 4.76 -1.83 0.07
2 -1.4 -0.25 3.11 -3.32 0.02
2 -1.4 -0.35 0.78 -1.67 -0.11
2 -1.6 -0.05 -0.42 -1.11 -0.06
2 -1.6 -0.15 5.02 -2.15 -0.09
2 -1.6 -0.25 2.66 -1.89 -0.02
2 -1.6 -0.35 0.55 -1.53 -0.24
2 -1.8 -0.05 0.00 -1.52 -0.14
2 -1.8 -0.15 4.40 -2.24 -0.05
2 -1.8 -0.25 1.70 -1.29 -0.07
2 -1.8 -0.35 -0.49 -1.55 -0.04
2 -2 -0.05 -0.06 -0.83 -0.04
2 -2 -0.15 2.73 -1.29 0.11
2 -2 -0.25 1.74 -0.93 0.14
2 -2 -0.35 -0.27 -0.98 -0.16
2 -2.2 -0.05 -0.68 -1.39 -0.07
2 -2.2 -0.15 2.34 -0.49 -0.04
2 -2.2 -0.25 1.62 -1.08 -0.09
2 -2.2 -0.35 -1.14 0.08 0.08
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2 -2.4 -0.05 -0.96 -1.40 -0.03
2 -2.4 -0.15 1.70 0.32 -0.04
2 -2.4 -0.25 0.97 0.20 -0.12
2 -2.4 -0.35 0.06 -0.36 -0.36
2 -2.6 -0.05 -1.74
2 -2.6 -0.15 1.77 -0.11 0.10
2 -2.6 -0.25 1.64 0.43 -0.14
2 -2.8 -0.05 -0.01
2 -2.8 -0.15 0.87 0.91 -0.02
2 -2.8 -0.25 2.68 1.41 -0.44
2 -3 -0.05 -2.04 -0.58 -0.04
2 -3 -0.15 1.35 1.02 -0.24
2 -3 -0.25 2.86 1.30 -0.17
2 -3.2 -0.05 -1.64 0.44 -0.04
2 -3.2 -0.15 3.39 2.04 -0.83
2 -3.2 -0.25 -0.52 0.27 -0.65
2 -3.4 -0.15 3.65 2.36 -0.54
2 -3.6 -0.15 4.55 4.01 -0.56
2 -3.8 -0.15 4.50 4.55 -1.19
2 -4 -0.15 2.36 2.90 -1.10
Table A2- 39. Line 2-Test 10
Long-shore
Distance
On)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
4 -0.6 -0.15 1.90 -0.78 0.09
4 -0.6 -0.25 1.93 -0.43 -0.18
4 -0.6 -0.35 2.20 -1.17 -0.20
4 -0.8 -0.05 0.27 -0.89 -0.18
4 -0.8 -0.15 2.89 -0.37 -0.20
4 -0.8 -0.25 2.05 -1.20 -0.09
4 -0.8 -0.35 1.03 -0.50 -0.14
4 -1 -0.05 0.07 -0.96 -0.14
4 -1 -0.15 3.07 -0.09 -0.25
4 -1 -0.25 1.74 -1.22 -0.23
4 -1 -0.35 1.19 -0.96 0.03
4 -1.2 -0.05 -1.02 -1.09 -0.18
4 -1.2 -0.15 3.07 -0.29 -0.16
4 -1.2 -0.25 1.83 -0.63 -0.20
4 -1.2 -0.35 0.94 -1.06 -0.12
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4 -1.4 -0.05 -0.33 -0.41 -0.19
4 -1.4 -0.15 2.93 -1.01 -0.24
4 -1.4 -0.25 1.88 -0.43 -0.17
4 -1.4 -0.35 0.25 -1.04 0.07
4 -1.6 -0.05 0.55 -0.26 -0.41
4 -1.6 -0.15 3.57 -0.30 -0.37
4 -1.6 -0.25 1.80 -1.12 -0.22
4 -1.6 -0.35 -1.10 -0.53 -0.12
4 -1.8 -0.05 1.44 -0.80 -0.23
4 -1.8 -0.15 3.52 0.06 -0.23
4 -1.8 -0.25 1.60 -0.93 -0.18
4 -1.8 -0.35 0.31 0.12 0.06
4 -2 -0.05 1.68 0.19 -0.44
4 -2 -0.15 3.34 -0.61 -0.43
4 -2 -0.25 1.62 -0.48 -0.23
4 -2.2 -0.05 0.84 -0.47 -0.33
4 -2.2 -0.15 3.44 -0.09 -0.16
4 -2.2 -0.25 0.38 -0.63 0.62
4 -2.4 -0.05 1.68 -0.66 -0.30
4 -2.4 -0.15 3.59 -0.07 -0.12
4 -2.4 -0.25 -0.18 -0.71 0.12
4 -2.6 -0.05 1.49 -0.98 -0.02
4 -2.6 -0.15 3.53 -0.63 -0.21
4 -2.6 -0.25 0.78 -0.45 -0.42
4 -2.8 -0.05 1.31 -1.07 -0.05
4 -2.8 -0.15 3.96 -0.69 -0.29
4 -3 -0.05 0.59 -1.12 -0.18
4 -3 -0.15 3.65 -0.98 -0.25
4 -3.2 -0.05 -1.07 -0.83
4 -3.2 -0.15 2.91 -0.98 -0.33
4 -3.4 -0.05 0.24 -2.03 -0.21
4 -3.4 -0.15 3.80 -0.36 -0.15
4 -3.6 -0.05 -0.22 -1.96 -0.24
4 -3.6 -0.15 3.71 -0.78 -0.79
4 -3.8 -0.05 0.32 -1.76 -0.26
4 -3.8 -0.15 3.61 -1.45 -1.12
4 -4 -0.05 -0.31 -1.47 -0.27
4 -4 -0.15 4.50 -0.76 -0.54
4 -4.2 -0.15 3.87 -1.21 -0.69
4 -4.4 -0.15 3.74 -1.11 -1.50
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Table A2- 40. Line 3-Test 10
Long-shore
Distance
(m)
Cross-shore
Distance
(m)
Depth 
relating to 
S.W.L. (m)
Vy
(cm/s)
Vx
(cm/s)
Vz
(cm/s)
5.64 -0.6 -0.15 1.24 -0.25 0.05
5.64 -0.6 -0.25 0.87 0.01 -0.01
5.64 -0.6 -0.35 0.83 -0.62 -0.10
5.64 -0.8 -0.15 0.63 -0.91 0.11
5.64 -0.8 -0.25 1.21 -0.67 0.06
5.64 -0.8 -0.35 1.27 -0.24 -0.12
5.64 -1 -0.15 0.83 -0.81 0.05
5.64 -1 -0.25 0.66 -1.37 0.02
5.64 -1 -0.35 1.73 0.10 -0.25
5.64 -1.2 -0.15 1.26 -0.74 -0.07
5.64 -1.2 -0.25 0.65 -1.31 -0.08
5.64 -1.2 -0.35 -0.27 0.11 0.22
5.64 -1.4 -0.15 1.36 -0.91 -0.04
5.64 -1.4 -0.25 1.01 -0.75 -0.10
5.64 -1.4 -0.35 -0.13 -0.87 -0.03
5.64 -1.6 -0.15 0.64 -1.33 0.01
5.64 -1.6 -0.25 0.90 -1.02 -0.27
5.64 -1.6 -0.35 -4.10 -0.60 0.21
5.64 -1.8 -0.05 -1.31 -0.57 -0.20
5.64 -1.8 -0.15 2.02 -1.19 -0.37
5.64 -1.8 -0.25 0.82 -1.20 0.07
5.64 -2 -0.05 -0.84 -1.00 -0.20
5.64 -2 -0.15 2.51 -0.44 -0.20
5.64 -2 -0.25 0.04 -1.41 0.05
5.64 -2.2 -0.05 -0.65 -0.30 -0.23
5.64 -2.2 -0.15 2.10 -0.77 -0.14
5.64 -2.2 -0.25 0.64 -1.08 0.04
5.64 -2.4 -0.05 -0.54 0.20 -0.18
5.64 -2.4 -0.15 1.12 -1.12 -0.07
5.64 -2.4 -0.25 0.46 -0.11 0.01
5.64 -2.6 -0.05 -0.86 0.05 -0.28
5.64 -2.6 -0.15 1.93 -0.91 -0.16
5.64 -2.6 -0.25 -0.65 -0.53 -0.36
5.64 -2.8 -0.05 -1.32 -0.57 -0.42
5.64 -2.8 -0.15 1.89 -0.68 -0.06
5.64 -2.8 -0.25 2.63 -0.50 -0.04
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5.64 -3 -0.05 -1.32 -0.73 -0.18
5.64 -3 -0.15 2.81 -0.92 -0.16
5.64 -3.2 -0.05 -0.40 -0.82 -0.02
5.64 -3.2 -0.15 2.52 -1.30 -0.20
5.64 -3.4 -0.05 -2.23 -1.77 -0.26
5.64 -3.4 -0.15 3.56 -1.32 -0.41
5.64 -3.6 -0.15 3.53 -1.95 -0.35
5.64 -3.8 -0.15 3.60 -1.96 -0.63
5.64 -4 -0.15 2.47 -2.03 -0.25
5.64 -4.2 -0.15 2.58 -2.14 -0.21
5.64 -4.4 -0.15 4.65 -2.88 -1.34
5.64 -4.6 -0.15 4.09 -1.51
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A3. Measured cross-shore beach profile
Table A2- 41. Line 1 (Test 1 and Test 2)
ORIGINAL PROFILE AFTER TEST 1 AFTER TEST 2
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
2 -0.6 -0.474 2 -0.6 -0.474 2 -0.6 -0.485
2 -0.7 -0.486 2
c-~©i -0.471 2 -0.7 -0.474
2 -0.8 -0.485 2 -0.8 -0.473 2
oo©1 -0.479
2 -0.9 -0.492 2 -0.9 -0.486 2 -0.9 -0.488
2 -1 -0.488 2 -1 -0.480 2 -1 -0.483
2 -1.1 -0.493 2 -1.1 -0.471 2 -1.1 -0.472
2 -1.2 -0.486 2 -1.2 -0.491 2 -1.2 -0.488
2 -1.3 -0.480 2 -1.3 -0.474 2 -1.3 -0.479
2 -1.4 -0.488 2 -1.4 -0.485 2 -1.4 -0.484
2 -1.5 -0.486 2 -1.5 -0.482 2 -1.5 -0.483
2 -1.6 -0.479 2 -1.6 -0.480 2 -1.6 -0.479
2 -1.7 -0.480 2 -1.7 -0.475 2 -1.7 -0.477
2 -1.8 -0.473 2 -1.8 -0.463 2 -1.8 -0.475
2 -1.9 -0.452 2 -1.9 -0.461 2 -1.9 -0.449
2 -2 -0.449 2 -2 -0.440 2 -2 -0.458
2 -2.1 -0.427 2 -2.1 -0.426 2 -2.1 -0.419
2 -2.2 -0.427 2 -2.2 -0.418 2 -2.2 -0.405
2 -2.3 -0.406 2 -2.3 -0.394 2 -2.3 -0.395
2 -2.4 -0.371 2 -2.4 -0.379 2 -2.4 -0.398
2 -2.5 -0.371 2 -2.5 -0.379 2 -2.5 -0.382
2 -2.6 -0.364 2 -2.6 -0.354 2 -2.6 -0.382
2 -2.7 -0.353 2 -2.7 -0.354 2 -2.7 -0.361
2 -2.8 -0.341 2 -2.8 -0.335 2 -2.8 -0.346
2 -2.9 -0.329 2 -2.9 -0.316 2 -2.9 -0.336
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2 -3 -0.314 2 -3 -0.310 2 -3 -0.313
2 -3.1 -0.295 2 -3.1 -0.291 2 -3.1 -0.303
2 -3.2 -0.279 2 -3.2 -0.263 2 -3.2 -0.297
2 -3.3 -0.259 2 -3.3 -0.257 2 -3.3 -0.282
2 -3.4 -0.263 2 -3.4 -0.253 2 -3.4 -0.268
2 -3.5 -0.243 2 -3.5 -0.243 2 -3.5 -0.264
2 -3.6 -0.228 2 -3.6 -0.216 2 -3.6 -0.260
2 -3.7 -0.202 2 -3.7 -0.201 2 -3.7 -0.257
2 -3.8 -0.197 2 -3.8 -0.177 2 -3.8 -0.260
2 -3.9 -0.198 2 -3.9 -0.167 2 -3.9 -0.235
2 -4 -0.180 2 -4 -0.148 2 -4 -0.235
2 -4.1 -0.166 2 -4.1 -0.122 2 -4.1 -0.221
2 -4.2 -0.143 2 -4.2 -0.100 2 -4.2 -0.201
2 -4.3 -0.140 2 -4.3 -0.107 2 -4.3 -0.193
2 -4.4 -0.130 2 -4.4 -0.108 2 -4.4 -0.200
2 -4.5 -0.114 2 -4.5 -0.109 2 -4.5 -0.182
2 -4.6 -0.112 2 -4.6 -0.117 2 -4.6 -0.160
2 -4.7 -0.115 2 -4.7 -0.122 2 -4.7 -0.150
2 -4.8 -0.060 2 -4.8 -0.075 2 -4.8 -0.120
2 -4.9 -0.066 2 -4.9 -0.085 2 -4.9 -0.015
2 -5 -0.029 2 -5 -0.085 2 -5 -0.045
2 -5.1 -0.023 2 -5.1 -0.065 2 -5.1 -0.025
2 -5.2 -0.020 2 -5.2 -0.055 2 -5.2 0.015
2 -5.3 0.005 2 -5.3 -0.035 2 -5.3 0.035
2 -5.4 0.020 2 -5.4 -0.025 2 -5.4 0.065
2 -5.5 0.050 2 -5.5 0.015 2 -5.5 0.135
2 -5.6 0.056 2 -5.6 0.035 2 -5.6 0.195
2 -5.7 0.070 2 -5.7 0.145 2 -5.7 0.275
2 -5.8 0.080 2 -5.8 0.145 2 -5.8 0.205
2 -5.9 0.085 2 -5.9 0.125 2 -5.9 0.245
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2 -6 0.095 2 -6 0.125 2 -6 0.195
Table A2- 42. Line 2 (Test 1 and Test 2)
ORIGINAL PROFILE AFTER TEST 1 AFTER TEST 2
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
4 -0.6 -0.438 4 -0.6 -0.441 4 -0.6 -0.436
4 -0.7 -0.421 4 -0.7 -0.435 4 • © -0.440
4 -0.8 -0.404 4 -0.8 -0.425 4 -0.8 -0.420
4 -0.9 -0.405 4 -0.9 -0.412 4 -0.9 -0.403
4 -1 -0.397 4 -1 -0.405 4 -1 -0.404
4 -1.1 -0.385 4 -1.1 -0.403 4 -1.1 -0.397
4 -1.2 -0.384 4 -1.2 -0.383 4 -1.2 -0.383
4 -1.3 -0.389 4 -1.3 -0.389 4 -1.3 -0.381
4 -1.4 -0.356 4 -1.4 -0.382 4 -1.4 -0.374
4 -1.5 -0.345 4 -1.5 -0.351 4 -1.5 -0.349
4 -1.6 -0.337 4 -1.6 -0.360 4 -1.6 -0.346
4 -1.7 -0.337 4 -1.7 -0.334 4 -1.7 -0.334
4 -1.8 -0.312 4 -1.8 -0.328 4 -1.8 -0.311
4 -1.9 -0.296 4 -1.9 -0.313 4 -1.9 -0.303
4 -2 -0.286 4 -2 -0.307 4 -2 -0.290
4 -2.1 -0.273 4 -2.1 -0.292 4 -2.1 -0.267
4 -2.2 -0.255 4 -2.2 -0.285 4 -2.2 -0.252
4 -2.3 -0.254 4 -2.3 -0.251 4 -2.3 -0.255
4 -2.4 -0.241 4 -2.4 -0.245 4 -2.4 -0.265
4 -2.5 -0.237 4 -2.5 -0.241 4 -2.5 -0.244
4 -2.6 -0.237 4 -2.6 -0.247 4 -2.6 -0.243
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4 -2.7 -0.212 4 -2.7 -0.221 4 -2.7 -0.241
4 -2.8 -0.196 4 -2.8 -0.227 4 -2.8 -0.237
4 -2.9 -0.199 4 -2.9 -0.215 4 -2.9 -0.237
4 -3 -0.195 4 -3 -0.221 4 -3 -0.230
4 -3.1 -0.191 4 -3.1 -0.248 4 -3.1 -0.247
4 -3.2 -0.168 4 -3.2 -0.261 4 -3.2 -0.254
4 -3.3 -0.164 4 -3.3 -0.272 4 -3.3 -0.286
4 -3.4 -0.163 4 -3.4 -0.297 4 -3.4 -0.302
4 -3.5 -0.160 4 -3.5 -0.306 4 -3.5 -0.298
4 -3.6 -0.150 4 -3.6 -0.319 4 -3.6 -0.264
4 -3.7 -0.144 4 -3.7 -0.292 4 -3.7 -0.238
4 -3.8 -0.128 4 -3.8 -0.274 4 -3.8 -0.249
4 -3.9 -0.121 4 -3.9 -0.264 4 -3.9 -0.230
4 -4 -0.109 4 -4 -0.204 4 -4 -0.185
4 -4.1 -0.101 4 -4.1 -0.174 4 -4.1 -0.206
4 -4.2 -0.072 4 -4.2 -0.140 4 -4.2 -0.199
4 -4.3 -0.073 4 -4.3 -0.117 4 -4.3 -0.200
4 -4.4 -0.063 4 -4.4 -0.123 4 -4.4 -0.199
4 -4.5 -0.056 4 -4.5 -0.122 4 -4.5 -0.185
4 -4.6 -0.022 4 -4.6 -0.124 4 -4.6 -0.185
4 -4.7 -0.020 4 -4.7 -0.113 4 -4.7 -0.177
4 -4.8 -0.005 4 -4.8 -0.114 4 -4.8 -0.145
4 -4.9 0.015 4 -4.9 -0.075 4 -4.9 -0.145
4 -5 0.055 4 -5 -0.085 4 -5 -0.145
4 -5.1 0.065 4 -5.1 -0.055 4 -5.1 -0.135
4 -5.2 0.077 4 -5.2 -0.065 4 -5.2 -0.115
4 -5.3 0.080 4 -5.3 -0.065 4 -5.3 -0.065
4 -5.4 0.100 4 -5.4 -0.055 4 -5.4 -0.025
4 -5.5 0.110 4 -5.5 -0.025 4 -5.5 0.005
4 -5.6 0.110 4 -5.6 -0.015 4 -5.6 0.045
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4 -5.7 0.130 4 -5.7 0.035 4 -5.7 0.055
4 -5.8 0.125 4 -5.8 0.085 4 -5.8 0.135
4 -5.9 0.135 4 -5.9 0.125 4 -5.9 0.165........ i”'
4 -6 0.135 4 -6 0.125 4 -6 0.225
Table A2- 43. Line 3 (Test 1 and Test 2)
ORIGINAL PROFILE AFTER TEST 1 AFTER TEST 2
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L.
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
5.64 -0.6 -0.445 5.64 -0.6 -0.447 5.64 -0.6 -0.432
5.64 -0.7 -0.440 5.64 -0.7 -0.445 5.64 -0.7 -0.431
5.64 -0.8 -0.432 5.64 -0.8 -0.439 5.64 -0.8 -0.425
5.64 -0.9 -0.433 5.64 -0.9 -0.423 5.64 -0.9 -0.417
5.64 -1 -0.416 5.64 -1 -0.413 5.64 -1 -0.409
5.64 -1.1 -0.420 5.64 -1.1 -0.398 5.64 -1.1 -0.401
5.64 -1.2 -0.404 5.64 -1.2 -0.405 5.64 -1.2 -0.398
5.64 -1.3 -0.382 5.64 -1.3 -0.387 5.64 -1.3 -0.392
5.64 -1.4 -0.368 5.64 -1.4 -0.369 5.64 -1.4 -0.372
5.64 -1.5 -0.357 5.64 -1.5 -0.343 5.64 -1.5 -0.337
5.64 -1.6 -0.349 5.64 -1.6 -0.342 5.64 -1.6 -0.332
5.64 -1.7 -0.347 5.64 -1.7 -0.321 5.64 -1.7 -0.325
5.64 -1.8 -0.324 5.64 -1.8 -0.301 5.64 -1.8 -0.304
5.64 -1.9 -0.321 5.64 -1.9 -0.289 5.64 -1.9 -0.295
5.64 -2 -0.315 5.64 -2 -0.279 5.64 -2 -0.278
5.64 -2.1 -0.288 5.64 -2.1 -0.257 5.64 -2.1 -0.290
5.64 -2.2 -0.274 5.64 -2.2 -0.305 5.64 -2.2 -0.265
5.64 -2.3 -0.250 5.64 -2.3 -0.241 5.64 -2.3 -0.261
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5.64 -2.4 -0.248 5.64 -2.4 -0.219 5.64 -2.4 -0.239
5.64 -2.5 -0.245 5.64 -2.5 -0.225 5.64 -2.5 -0.239
5.64 -2.6 -0.243 5.64 -2.6 -0.222 5.64 -2.6 -0.225
5.64 -2.7 -0.230 5.64 -2.7 -0.217 5.64 -2.7 -0.228
5.64 -2.8 -0.224 5.64 -2.8 -0.221 5.64 -2.8 -0.232
5.64 -2.9 -0.222 5.64 -2.9 -0.222 5.64 -2.9 -0.223
5.64 -3 -0.209 5.64 -3 -0.226 5.64 -3 -0.217
5.64 -3.1 -0.209 5.64 -3.1 -0.222 5.64 -3.1 -0.212
5.64 -3.2 -0.194 5.64 -3.2 -0.206 5.64 -3.2 -0.220
5.64 -3.3 -0.176 5.64 -3.3 -0.204 5.64 -3.3 -0.218
5.64 -3.4 -0.157 5.64 -3.4 -0.224 5.64 -3.4 -0.216
5.64 -3.5 -0.143 5.64 -3.5 -0.227 5.64 -3.5 -0.217
5.64 -3.6 -0.138 5.64 -3.6 -0.253 5.64 -3.6 -0.210
5.64 -3.7 -0.118 5.64 -3.7 -0.244 5.64 -3.7 -0.202
5.64 -3.8 -0.108 5.64 -3.8 -0.222 5.64 -3.8 -0.214
5.64 -3.9 -0.099 5.64 -3.9 -0.199 5.64 -3.9 -0.227
5.64 -4 -0.078 5.64 -4 -0.213 5.64 -4 -0.229
5.64 -4.1 -0.074 5.64 -4.1 -0.167 5.64 -4.1 -0.229
5.64 -4.2 -0.065 5.64 -4.2 -0.137 5.64 -4.2 -0.235
5.64 -4.3 -0.054 5.64 -4.3 -0.125 5.64 -4.3 -0.239
5.64 -4.4 -0.050 5.64 -4.4 -0.110 5.64 -4.4 -0.227
5.64 -4.5 -0.057 5.64 -4.5 -0.108 5.64 -4.5 -0.212
5.64 -4.6 -0.033 5.64 -4.6 -0.101 5.64 -4.6 -0.193
5.64 -4.7 -0.013 5.64 -4.7 -0.085 5.64 -4.7 -0.203
5.64 -4.8 0.010 5.64 -4.8 -0.055 5.64 -4.8 -0.165
5.64 -4.9 0.024 5.64 -4.9 -0.065 5.64 -4.9 -0.145
5.64 -5 0.035 5.64 -5 -0.045 5.64 -5 -0.155
5.64 -5.1 0.058 5.64 -5.1 -0.005 5.64 -5.1 -0.145
5.64 -5.2 0.069 5.64 -5.2 0.005 5.64 -5.2 -0.125
5.64 -5.3 0.073 5.64 -5.3 0.015 5.64 -5.3 -0.115
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5.64 -5.4 0.080 5.64 -5.4 0.055 5.64 -5.4 -0.075
5.64 -5.5 0.100 5.64 -5.5 0.115 5.64 -5.5 -0.045
5.64 -5.6 0.102 5.64 -5.6 0.125 5.64 -5.6 -0.015
5.64 -5.7 0.110 5.64 -5.7 0.155 5.64 -5.7 0.025
5.64 -5.8 0.130 5.64 -5.8 0.155 5.64 -5.8 0.035
5.64 -5.9 0.135 5.64 -5.9 0.145 5.64 -5.9 0.065
5.64 -6 0.140 5.64 -6 0.145 5.64 -6 0.135
Table A2- 44. Line 1 (Test 3 and Test 4)
ORIGINAL PROFILE AFTER TEST 3 AFTER TEST 4
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
2 -0.6 -0.452 2 -0.6 -0.436 2 -0.6 -0.437
2 -0.7 -0.455 2 -0.7 -0.449 2 -0.7 -0.441
2 -0.8 -0.455 2 -0.8 -0.450 2 -0.8 -0.455
2 -0.9 -0.442 2 -0.9 -0.442 2 -0.9 -0.464
2 -1 -0.443 2 -1 -0.448 2 -1 -0.463
2 -1.1 -0.441 2 -1.1 -0.442 2 -1.1 -0.438
2 -1.2 -0.455 2 -1.2 -0.448 2 -1.2 -0.448
2 -1.3 -0.458 2 -1.3 -0.452 2 -1.3 -0.436
2 -1.4 -0.444 2 -1.4 -0.439 2 -1.4 -0.437
2 -1.5 -0.451 2 -1.5 -0.439 2 -1.5 -0.419
2 -1.6 -0.430 2 -1.6 -0.426 2 -1.6 -0.425
2 -1.7 -0.437 2 -1.7 -0.426 2 -1.7 -0.432
2 -1.8 -0.429 2 -1.8 -0.420 2 -1.8 -0.418
2 -1.9 -0.413 2 -1.9 -0.404 2 -1.9 -0.412
2 -2 -0.407 2 -2 -0.400 2 -2 -0.400
2 -2.1 -0.386 2 -2.1 -0.390 2 -2.1 -0.380
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2 -2.2 -0.385 2 -2.2 -0.380 2 -2.2 -0.375
2 -2.3 -0.377 2 -2.3 -0.363 2 -2.3 -0.377
2 -2.4 -0.356 2 -2.4 -0.336 2 -2.4 -0.353
2 -2.5 -0.358 2 -2.5 -0.334 2 -2.5 -0.332
2 -2.6 -0.349 2 -2.6 -0.328 2 -2.6 -0.325
2 -2.7 -0.321 2 -2.7 -0.323 2 -2.7 -0.318
2 -2.8 -0.303 2 -2.8 -0.304 2
00<Ni -0.305
2 -2.9 -0.298 2 -2.9 -0.304 2 -2.9 -0.298
2 -3 -0.270 2 -3 -0.275 2 -3 -0.258
2 -3.1 -0.279 2 -3.1 -0.261 2 -3.1 -0.223
2 -3.2 -0.261 2 -3.2 -0.255 2 -3.2 -0.247
2 -3.3 -0.258 2 -3.3 -0.234 2 -3.3 -0.237
2 -3.4 -0.243 2 -3.4 -0.237 2 -3.4 -0.243
2 -3.5 -0.237 2 -3.5 -0.233 2 -3.5 -0.237
2 -3.6 -0.220 2 -3.6 -0.217 2 -3.6 -0.216
2 -3.7 -0.204 2 -3.7 -0.205 2 -3.7 -0.201
2 -3.8 -0.183 2 -3.8 -0.194 2 -3.8 -0.186
2 -3.9 -0.170 2 -3.9 -0.168 2 -3.9 -0.172
2 -4 -0.168 2 -4 -0.161 2 -4 -0.162
2 -4.1 -0.155 2 -4.1 -0.136 2 -4.1 -0.200
2 -4.2 -0.131 2 -4.2 -0.128 2 -4.2 -0.122
2 -4.3 -0.114 2 -4.3 -0.116 2 -4.3 -0.115
2 -4.4 -0.097 2 -4.4 -0.108 2 -4.4 -0.105
2 -4.5 -0.081 2 -4.5 -0.069 2 -4.5 -0.064
2 -4.6 -0.067 2 -4.6 -0.058 2 -4.6 -0.075
2 -4.7 -0.059 2 -4.7 -0.058 2 -4.7 -0.064
2 -4.8 -0.045 2 -4.8 -0.044 2 -4.8 -0.040
2 -4.9 -0.040 2 -4.9 -0.047 2 -4.9 -0.040
2 -5 -0.028 2 -5 -0.002 2 -5 -0.030
2 -5.1 -0.002 2 -5.1 0.010 2 -5.1 -0.022
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2 -5.2 0.003 2 -5.2 -0.008 2 -5.2 0.012
2 -5.3 0.016 2 -5.3 0.022 2 -5.3 0.015
2 -5.4 0.020 2 -5.4 0.041 2 -5.4 0.025
2 -5.5 0.030 2 -5.5 0.035 2 -5.5 0.047
2 -5.6 0.035 2 -5.6 0.028 2 -5.6 0.Q37
2 -5.7 0.045 2 -5.7 0.065 2 -5.7 0.055
2 -5.8 0.047 2 -5.8 0.085 2 -5.8 0.065
2 -5.9 0.073 2 -5.9 0.090 2 -5.9 0.070
2 -6 0.089 2 -6 0.105 2 -6 0.095
Table A2- 45. Line 2 (Test 3 and Test 4)
OlMGINAL PROFILE AFTER TEST 3 AFTER TEST 4
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L.
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
4 -0.6 -0.407 4 -0.6 -0.385 4 -0.6 -0.387
4 -0.7 -0.408 4 -0.7 -0.397 4 -0.7 -0.401
4 -0.8 -0.391 4 -0.8 -0.389 4 -0.8 -0.386
4 -0.9 -0.387 4 -0.9 -0.390 4 -0.9 -0.380
4 -1 -0.355 4 -1 -0.371 4 -1 -0.366
4 -1.1 -0.354 4 -1.1 -0.352 4 -1.1 -0.359
4 -1.2 -0.346 4 -1.2 -0.365 4 -1.2 -0.363
4 -1.3 -0.338 4 -1.3 -0.324 4 -1.3 -0.338
4 -1.4 -0.322 4 -1.4 -0.325 4 -1.4 -0.325
4 -1.5 -0.309 4 -1.5 -0.308 4 -1.5 -0.313
4 -1.6 -0.293 4 -1.6 -0.298 4 -1.6 -0.303
4 -1.7 -0.302 4 -1.7 -0.295 4 -1.7 -0.310
4 -1.8 -0.284 4 -1.8 -0.275 4 -1.8 -0.290
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4 -1.9 -0.277 4 -1.9 -0.267 -1.9 -0.267
4 -2 -0.262 4 -2 -0.252 4 -2 -0.276
4 -2.1 -0.256 4 -2.1 -0.250 4 -2.1 -0.256
4 -2.2 -0.258 4 -2.2 -0.243 4 -2.2 -0.248
4 -2.3 -0.246 4 -2.3 -0.243 4 -2.3 -0.240
4 -2.4 -0.229 4 -2.4 -0.231 4 -2.4 -0.236
4 -2.5 -0.229 4 -2.5 -0.227 4 -2.5 -0.214
4 -2.6 -0.220 4 -2.6 -0.226 4 -2.6 -0.220
4 -2.7 -0.212 4 -2.7 -0.218 4 -2.7 -0.228
4 -2.8 -0.214 4 -2.8 -0.204 4 -2.8 -0.209
4 -2.9 -0.218 4 -2.9 -0.222 4 -2.9 -0.209
4 -3 -0.200 4 -3 -0.198 4 -3 -0.207
4 -3.1 -0.193 4 -3.1 -0.210 4 -3.1 -0.197
4 -3.2 -0.169 4 -3.2 -0.182 4 -3.2 -0.187
4 -3.3 -0.162 4 -3.3 -0.184 4 -3.3 -0.180
4 -3.4 -0.167 4 -3.4 -0.166 4 -3.4 -0.162
4 -3.5 -0.158 4 -3.5 -0.181 4 -3.5 -0.152
4 -3.6 -0.153 4 -3.6 -0.176 4 -3.6 -0.150
4 -3.7 -0.141 4 -3.7 -0.151 4 -3.7 -0.147
4 -3.8 -0.157 4 -3.8 -0.147 4 -3.8 -0.134
4 -3.9 -0.136 4 -3.9 -0.134 4 -3.9 -0.137
4 -4 -0.125 4 -4 -0.143 4 -4 -0.125
4 -4.1 -0.110 4 -4.1 -0.119 4 -4.1 -0.117
4 -4.2 -0.114 4 -4.2 -0.123 4 -4.2 -0.125
4 -4.3 -0.112 4 -4.3 -0.103 4 -4.3 -0.109
4 -4.4 -0.103 4 -4.4 -0.096 4 -4.4 -0.096
4 -4.5 -0.103 4 -4.5 -0.100 4 -4.5 -0.091
4 -4.6 -0.086 4 -4.6 -0.090 4 -4.6 -0.083
4 -4.7 -0.074 4 -4.7 -0.057 4 -4.7 -0.065
4 -4.8 -0.055 4 -4.8 -0.045 4 -4.8 -0.055
470
4 -4.9 -0.045 4 -4.9 -0.055 4 -4.9 -0.055
4 -5 -0.033 4 -5 -0.025 4 -5 -0.038
4 -5.1 -0.021 4 -5.1 -0.030 4 -5.1 -0.027
4 -5.2 -0.011 4 -5.2 -0.022 4 -5.2 -0.012
4 -5.3 0.010 4 -5.3 0.100 4 -5.3 0.Q42
4 -5.4 0.022 4 -5.4 0.070 4 -5.4 0.105
4 -5.5 0.043 4 -5.5 0.048 4 -5.5 0.072
4 -5.6 0.065 4 -5.6 0.070 4 -5.6 0.090
4 -5.7 0.070 4 -5.7 0.075 4 -5.7 0.100
4 -5.8 0.081 4 -5.8 0.090 4 -5.8 0.100
4 -5.9 0.095 4 -5.9 0.095 4 -5.9 0.125
4 -6 0.085 4 -6 0.115 4 -6 0.115
Table A2- 46. Line 3 (Test 3 and Test 4)
OlEUGINAL PROFILE AFTER TEST 3 AFTER TEST 4
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
5.64 -0.6 -0.411 5.64 -0.6 -0.413 5.64 -0.6 -0.414
5.64 -0.7 -0.394 5.64 -0.7 -0.398 5.64 -0.7 -0.387
5.64 -0.8 -0.385 5.64 -0.8 -0.404 5.64 -0.8 -0.391
5.64 -0.9 -0.403 5.64 -0.9 -0.386 5.64 -0.9 -0.393
5.64 -1 -0.396 5.64 -1 -0.372 5.64 -1 -0.366
5.64 -1.1 -0.387 5.64 -1.1 -0.361 5.64 -1.1 -0.355
5.64 -1.2 -0.352 5.64 -1.2 -0.343 5.64 -1.2 -0.344
5.64 -1.3 -0.361 5.64 -1.3 -0.331 5.64 -1.3 -0.332
5.64 -1.4 -0.347 5.64 -1.4 -0.333 5.64 -1.4 -0.336
5.64 -1.5 -0.349 5.64 -1.5 -0.314 5.64 -1.5 -0.315
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5.64 -1.6 -0.323 5.64 -1.6 -0.313 5.64 -1.6 -0.319
5.64 -1.7 -0.308 5.64 -1.7 -0.294 5.64 -1.7 -0.294
5.64 -1.8 -0.317 5.64 -1.8 -0.284 5.64 -1.8 -0.283
5.64 -1.9 -0.303 5.64 -1.9 -0.286 5.64 -1.9 -0.290
5.64 -2 -0.292 5.64 -2 -0.276 5.64 -2 -0.272
5.64 -2.1 -0.275 5.64 -2.1 -0.276 5.64 -2.1 -0.277
5.64 -2.2 -0.277 5.64 -2.2 -0.257 5.64 -2.2 -0.255
5.64 -2.3 -0.265 5.64 -2.3 -0.252 5.64 -2.3 -0.253
5.64 -2.4 -0.248 5.64 -2.4 -0.241 5.64 -2.4 -0.241
5.64 -2.5 -0.250 5.64 -2.5 -0.225 5.64 -2.5 -0.232
5.64 -2.6 -0.248 5.64 -2.6 -0.228 5.64 -2.6 -0.225
5.64 -2.7 -0.233 5.64 -2.7 -0.220 5.64 -2.7 -0.220
5.64 -2.8 -0.231 5.64 -2.8 -0.204 5.64 -2.8 -0.219
5.64 -2.9 -0.212 5.64 -2.9 -0.215 5.64 -2.9 -0.218
5.64 -3 -0.217 5.64 -3 -0.203 5.64 -3 -0.205
5.64 -3.1 -0.210 5.64 -3.1 -0.198 5.64 -3.1 -0.178
5.64 -3.2 -0.209 5.64 -3.2 -0.188 5.64 -3.2 -0.183
5.64 -3.3 -0.198 5.64 -3.3 -0.193 5.64 -3.3 -0.198
5.64 -3.4 -0.190 5.64 -3.4 -0.187 5.64 -3.4 -0.191
5.64 -3.5 -0.190 5.64 -3.5 -0.174 5.64 -3.5 -0.181
5.64 -3.6 -0.186 5.64 -3.6 -0.168 5.64 -3.6 -0.173
5.64 -3.7 -0.166 5.64 -3.7 -0.163 5.64 -3.7 -0.172
5.64 -3.8 -0.172 5.64 -3.8 -0.163 5.64 • u> bo -0.158
5.64 -3.9 -0.164 5.64 -3.9 -0.158 5.64 -3.9 -0.161
5.64 -4 -0.144 5.64 -4 -0.147 5.64 -4 -0.150
5.64 -4.1 -0.139 5.64 -4.1 -0.141 5.64 -4.1 -0.142
5.64 -4.2 -0.126 5.64 -4.2 -0.116 5.64 -4.2 -0.123
5.64 -4.3 -0.122 5.64 -4.3 -0.108 5.64 -4.3 -0.108
5.64 -4.4 -0.091 5.64 -4.4 - 0.111 5.64 -4.4 -0.114
5.64 -4.5 -0.091 5.64 -4.5 -0.084 5.64 -4.5 -0.093
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5.64 -4.6 -0.099 5.64 -4.6 -0.067 5.64 -4.6 -0.080
5.64 -4.7 -0.074 5.64 -4.7 -0.076 5.64 -4.7 -0.076
5.64 . -4.8 -0.080 5.64 -4.8 -0.073 5.64 -4.8 -0.067
5.64 -4.9 -0.073 5.64 -4.9 -0.055 5.64 -4.9 -0.071
5.64 -5 -0.045 5.64 -5 -0.048 5.64 -5 -0.069
5.64 -5.1 -0.045 5.64 -5.1 -0.049 5.64 -5.1 -0.050
5.64 -5.2 -0.030 5.64 -5.2 -0.024 5.64 -5.2 -0.043
5.64 -5.3 -0.005 5.64 -5.3 0.005 5.64 -5.3 0.010
5.64 -5.4 0.015 5.64 -5.4 0.034 5.64 -5.4 0.021
5.64 -5.5 0.027 5.64 -5.5 0.025 5.64 -5.5 0.061
5.64 -5.6 0.045 5.64 -5.6 0.060 5.64 -5.6 0.065
5.64 -5.7 0.048 5.64 -5.7 0.070 5.64 -5.7 0.060
5.64 -5.8 0.070 5.64 -5.8 0.075 5.64 -5.8 0.080
5.64 -5.9 0.075 5.64 -5.9 0.105 5.64 -5.9 0.090
5.64 -6 0.097 5.64 -6 0.125 5.64 -6 0.105
Table A2- 47. Line 1 (Test 5 and Test 6)
ORIGINAL PROI?ILE AFTER TEST 5 AFTER TEST 6
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
2 -0.6 -0.428 2 -0.6 -0.400 2 -0.6 -0.416
2 -0.7 -0.451 2 -0.7 -0.427 2 -0.7 -0.406
2 -0.8 -0.469 2 -0.8 -0.436 2 -0.8 -0.396
2 -0.9 -0.464 2 -0.9 -0.439 2 -0.9 -0.378
2 -1 -0.446 2 -1 -0.423 2 -1 -0.381
2 -1.1 -0.430 2 -1.1 -0.408 2 -1.1 -0.368
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2 -1.2 -0.460 2 -1.2 -0.444 2 -1.2 -0.363
2 -1.3 -0.446 2 -1.3 -0.444 2 -1.3 -0.360
2 -1.4 -0.453 2 -1.4 -0.421 2 -1.4 -0.330
2 -1.5 -0.427 2 -1.5 -0.414 2 -1.5 -0.329
2 -1.6 -0.438 2 -1.6 -0.414 2 -1.6 -0.323
2 -1.7 -0.430 2 -1.7 -0.411 2 -1.7 -0.317
2 -1.8 -0.418 2 -1.8 -0.401 2 -1.8 -0.342
2 -1.9 -0.407 2 -1.9 -0.389 2 -1.9 -0.317
2 -2 -0.399 2 -2 -0.381 2 -2 -0.274
2 -2.1 -0.369 2 -2.1 -0.369 2 -2.1 -0.273
2 -2.2 -0.366 2 -2.2 -0.356 2 -2.2 -0.269
2 -2.3 -0.354 2 -2.3 -0.343 2 -2.3 -0.253
2 -2.4 -0.363 2 -2.4 -0.348 2 -2.4 -0.253
2 -2.5 -0.328 2 -2.5 -0.321 2 -2.5 -0.231
2 -2.6 -0.318 2 -2.6 -0.291 2 -2.6 -0.228
2 -2.7 -0.317 2 -2.7 -0.289 2 -2.7 -0.217
2 ■ to oo -0.293 2 -2.8 -0.284 2 -2.8 -0.226
2 -2.9 -0.292 2 -2.9 -0.286 2 -2.9 -0.207
2 -3 -0.276 2 -3 -0.267 2 -3 -0.212
2 -3.1 -0.276 2 -3.1 -0.255 2 -3.1 -0.198
2 -3.2 -0.249 2 -3.2 -0.264 2 -3.2 -0.185
2 -3.3 -0.244 2 -3.3 -0.249 2 -3.3 -0.200
2 -3.4 -0.242 2 -3.4 -0.231 2 -3.4 -0.202
2 -3.5 -0.241 2 -3.5 -0.223 2 -3.5 -0.200
2 -3.6 -0.221 2 -3.6 -0.217 2 -3.6 -0.181
2 -3.7 -0.212 2 -3.7 -0.212 2 -3.7 -0.170
2 -3.8 -0.198 2 -3.8 -0.186 2 -3.8 -0.178
2 -3.9 -0.193 2 -3.9 -0.175 2 -3.9 -0.136
2 -4 -0.167 2 -4 -0.164 2 -4 -0.131
2 -4.1 -0.174 2 -4.1 -0.154 2 -4.1 -0.133
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2 -4.2 -0.153 2 -4.2 -0.153 2 -4.2 -0.129
2 -4.3 -0.150 2 -4.3 -0.138 2 -4.3 -0.139
2 -4.4 -0.131 2 -4.4 -0.129 2 -4.4 -0.144
2 -4.5 -0.111 2 -4.5 -0.116 2 -4.5 -0.141
2 -4.6 -0.113 2 -4.6 -0.112 2 -4.6 -0.142
2 -4.7 -0.096 2 -4.7 -0.095 2 -4.7 -0.132
2 -4.8 -0.060 2 -4.8 -0.095 2 -4.8 -0.115
2 -4.9 -0.060 2 -4.9 -0.085 2 -4.9 -0.125
2 -5 -0.055 2 -5 -0.070 2 -5 -0.107
2 -5.1 -0.020 2 -5.1 -0.055 2 -5.1 -0.120
2 -5.2 -0.023 2 -5.2 -0.047 2 -5.2 I O H-* o
2 -5.3 0.002 2 -5.3 -0.028 2 -5.3 -0.080
2 -5.4 0.015 2 -5.4 0.015 2 -5.4 0.052
2 -5.5 0.040 2 -5.5 0.045 2 -5.5 0.069
2 -5.6 0.040 2 -5.6 0.085 2 -5.6 0.060
2 -5.7 0.077 2 -5.7 0.065 2 -5.7 0.115
2 -5.8 0.080 2 -5.8 0.050 2 -5.8 0.078
2 -5.9 0.070 2 -5.9 0.055 2 -5.9 0.060
2 -6 0.090 2 -6 0.070 2 -6 0.075
Table A2- 48. Line 2 (Test 5 and Test 6)
ORIGINAL PROFILE AFTER TEST 5 AFTER TEST 6
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
4 -0.6 -0.406 4 -0.6 -0.391 4 -0.6 -0.414
4 -0.7 -0.397 4 -0.7 -0.380 4 -0.7 -0.397
4 -0.8 -0.376 4 -0.8 -0.381 4 -0.8 -0.404
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4 -0.9 -0.377 4 -0.9 -0.370 4 -0.9 -0.379
4 -1 -0.378 4 -1 -0.351 4 -1 -0.366
4 -1.1 -0.379 4 -1.1 -0.343 4 -1.1 -0.374
4 -1.2 -0.363 4 -1.2 -0.321 4 -1.2 -0.340
4 -1.3 -0.354 4 -1.3 -0.329 4 -1.3 -0.338
4 -1.4 -0.345 4 -1.4 -0.337 4 -1.4 -0.323
4 -1.5 -0.319 4 -1.5 -0.305 4 -1.5 -0.322
4 -1.6 -0.293 4 -1.6 -0.296 4 -1.6 -0.304
4 -1.7 -0.297 4 -1.7 -0.277 4 -1.7 -0.294
4 -1.8 -0.301 4 -1.8 -0.276 4 -1.8 -0.282
4 -1.9 -0.268 4 -1.9 -0.251 4 -1.9 -0.280
4 -2 -0.264 4 -2 -0.242 4 -2 -0.262
4 -2.1 -0.254 4 -2.1 -0.233 4 -2.1 -0.245
4 -2.2 -0.236 4 -2.2 -0.207 4 -2.2 -0.237
4 -2.3 -0.238 4 -2.3 -0.219 4 -2.3 -0.229
4 -2.4 -0.236 4 -2.4 -0.211 4 -2.4 -0.226
4 -2.5 -0.227 4 -2.5 -0.211 4 -2.5 -0.203
4 -2.6 -0.220 4 -2.6 -0.203 4 -2.6 -0.207
4 -2.7 -0.216 4 -2.7 -0.178 4 -2.7 -0.208
4 -2.8 -0.205 4 -2.8 -0.176 4 -2.8 -0.199
4 -2.9 -0.186 4 -2.9 -0.168 4 -2.9 -0.195
4 -3 -0.179 4 -3 -0.172 4 -3 -0.193
4 -3.1 -0.175 4 -3.1 -0.161 4 -3.1 -0.177
4 -3.2 -0.167 4 -3.2 -0.159 4 -3.2 -0.158
4 -3.3 -0.160 4 -3.3 -0.141 4 -3.3 -0.147
4 -3.4 -0.163 4 -3.4 -0.149 4 -3.4 -0.153
4 -3.5 -0.173 4 -3.5 -0.151 4 -3.5 -0.161
4 -3.6 -0.165 4 -3.6 -0.153 4 -3.6 -0.154
4 -3.7 -0.149 4 -3.7 -0.145 4 -3.7 -0.150
4 -3.8 -0.151 4 -3.8 -0.127 4 -3.8 -0.137
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4 -3.9 -0.142 4 -3.9 -0.131 4 -3.9 -0.150
4 -4 -0.149 4 -4 -0.132 4 -4 -0.147
4 -4.1 -0.142 4 -4.1 -0.137 4 -4.1 -0.135
4 -4.2 -0.133 4 -4.2 -0.115 4 -4.2 -0.133
4 -4.3 -0.109 4 -4.3 -0.112 4 -4.3 -0.133
4 -4.4 -0.124 4 -4.4 -0.125 4 -4.4 -0.117
4 -4.5 -0.099 4 -4.5 -0.092 4 -4.5 -0.141
4 -4.6 -0.101 4 -4.6 -0.099 4 -4.6 -0.137
4 -4.7 -0.084 4 -4.7 -0.088 4 -4.7 -0.120
4 -4.8 -0.075 4 -4.8 -0.077 4 -4.8 -0.125
4 -4.9 -0.053 4 -4.9 -0.074 4 -4.9 -0.115
4 -5 -0.036 4 -5 -0.071 4 -5 -0.090
4 -5.1 -0.037 4 -5.1 -0.065 4 -5.1 -0.070
4 -5.2 -0.008 4 -5.2 -0.030 4 -5.2 -0.035
4 -5.3 0.005 4 -5.3 -0.017 4 -5.3 -0.010
4 -5.4 0.019 4 -5.4 0.005 4 -5.4 0.018
4 -5.5 0.020 4 -5.5 0.065 4 -5.5 0.087
4 -5.6 0.028 4 -5.6 0.055 4 -5.6 0.115
4 -5.7 0.060 4 -5.7 0.045 4 -5.7 0.165
4 -5.8 0.085 4 -5.8 0.045 4 -5.8 0.140
4 -5.9 0.105 4 -5.9 0.075 4 -5.9 0.090
4 -6 0.115 4 -6 0.087 4 -6 0.095
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Table A2- 49. Line 3 (Test 5 and Test 6)
ORIGINAL PROFILE AFTER TEST 5 AFTER TEST 6
Long-shore Cross-shore Depth relating Long-shore Cross-shore Depth relating Long-shore Cross-shore Depth relating
distance (m) distance (m) to S.W.L.
(m)
distance (m) distance (m) to S.W.L. 
(m)
distance (m) distance (m) to S.W.L. 
(m)
5.64 -0.6 -0.431 5.64 -0.6 -0.405 5.64 -0.6 -0.436
5.64 -0.7 -0.422 5.64 -0.7 -0.398 5.64 -0.7 -0.443
5.64 -0.8 -0.414 5.64 -0.8 -0.393 5.64 -0.8 -0.460
5.64 -0.9 -0.398 5.64 -0.9 -0.371 5.64 -0.9 -0.461
5.64 -1 -0.367 5.64 -1 -0.379 5.64 -1 -0.467
5.64 -1.1 -0.378 5.64 -1.1 -0.359 5.64 -1.1 -0.419
5.64 -1.2 -0.377 5.64 -1.2 -0.351 5.64 -1.2 -0.451
5.64 -1.3 -0.349 5.64 -1.3 -0.351 5.64 -1.3 -0.447
5.64 -1.4 -0.360 5.64 -1.4 -0.321 5.64 -1.4 -0.435
5.64 -1.5 -0.340 5.64 -1.5 -0.321 5.64 -1.5 -0.441
5.64 -1.6 -0.326 5.64 -1.6 -0.286 5.64 -1.6 -0.441
5.64 -1.7 -0.300 5.64 -1.7 -0.284 5.64 -1.7 -0.421
5.64 -1.8 -0.287 5.64 -1.8 -0.274 5.64 -1.8 -0.411
5.64 -1.9 -0.286 5.64 -1.9 -0.266 5.64 -1.9 -0.411
5.64 -2 -0.253 5.64 -2 -0.249 5.64 -2 -0.392
5.64 -2.1 -0.278 5.64 -2.1 -0.258 5.64 -2.1 -0.371
5.64 -2.2 -0.258 5.64 -2.2 -0.263 5.64 -2.2 -0.375
5.64 -2.3 -0.250 5.64 -2.3 -0.233 5.64 -2.3 -0.365
5.64 -2.4 -0.253 5.64 -2.4 -0.232 5.64 -2.4 -0.360
5.64 -2.5 -0.253 5.64 -2.5 -0.234 5.64 -2.5 -0.334
5.64 -2.6 -0.236 5.64 -2.6 -0.212 5.64 -2.6 -0.318
5.64 -2.7 -0.239 5.64 -2.7 -0.221 5.64 -2.7 -0.307
5.64 -2.8 -0.227 5.64 -2.8 -0.202 5.64 -2.8 -0.298
5.64 -2.9 -0.220 5.64 -2.9 -0.199 5.64 -2.9 -0.282
5.64 -3 -0.218 5.64 -3 -0.211 5.64 -3 -0.268
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5.64 -3.1 -0.198 5.64 -3.1 -0.186 5.64 -3.1 -0.272
5.64 -3.2 -0.195 5.64 -3.2 -0.179 5.64 -3.2 -0.263
5.64 . -3.3 -0.185 5.64 -3.3 -0.168 5.64 -3.3 -0.237
5.64 -3.4 -0.189 5.64 -3.4 -0.168 5.64 -3.4 -0.250
5.64 -3.5 -0.182 5.64 -3.5 -0.155 5.64 -3.5 -0:236
5.64 -3.6 -0.188 5.64 -3.6 -0.167 5.64 -3.6 -0.206
5.64 -3.7 -0.179 5.64 -3.7 -0.159 5.64 -3.7 -0.209
5.64 -3.8 -0.164 5.64 -3.8 -0.147 5.64 -3.8 -0.194
5.64 -3.9 -0.152 5.64 -3.9 -0.150 5.64 -3.9 -0.203
5.64 -4 -0.143 5.64 -4 -0.144 5.64 -4 -0.181
5.64 -4.1 -0.148 5.64 -4.1 -0.133 5.64 -4.1 -0.178
5.64 -4.2 -0.141 5.64 -4.2 -0.124 5.64 -4.2 -0.166
5.64 -4.3 -0.107 5.64 -4.3 -0.129 5.64 -4.3 -0.150
5.64 -4.4 -0.087 5.64 -4.4 -0.110 5.64 -4.4 -0.134
5.64 -4.5 -0.087 5.64 -4.5 -0.117 5.64 -4.5 -0.124
5.64 -4.6 -0.070 5.64 -4.6 -0.096 5.64 -4.6 -0.126
5.64 -4.7 -0.090 5.64 -4.7 -0.082 5.64 -4.7 -0.109
5.64 -4.8 -0.075 5.64 -4.8 -0.085 5.64 -4.8 -0.105
5.64 -4.9 -0.055 5.64 -4.9 -0.075 5.64 -4.9 -0.110
5.64 -5 -0.039 5.64 -5 -0.077 5.64 -5 -0.080
5.64 -5.1 -0.037 5.64 -5.1 -0.068 5.64 -5.1 -0.027
5.64 -5.2 -0.025 5.64 -5.2 -0.055 5.64 -5.2 -0.018
5.64 -5.3 -0.007 5.64 -5.3 -0.052 5.64 -5.3 0.025
5.64 -5.4 0.005 5.64 -5.4 -0.015 5.64 -5.4 0.105
5.64 -5.5 0.015 5.64 -5.5 -0.005 5.64 -5.5 0.160
5.64 -5.6 0.015 5.64 -5.6 0.035 5.64 -5.6 0.109
5.64 -5.7 0.045 5.64 -5.7 0.040 5.64 -5.7 0.070
5.64 -5.8 0.047 5.64 -5.8 0.045 5.64 -5.8 0.078
5.64 -5.9 0.055 5.64 -5.9 0.055 5.64 -5.9 0.075
5.64 -6 0.065 5.64 -6 0.075 5.64 -6 0.085
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Table A2- 50. Line 1 (Test 7 and Test 8)
' ORIGINAL PROFILE AFTER TEST 7 AFTER TEST 8
Long-shore Cross-shore Depth relating Long-shore Cross-shore Depth relating Long-shore Cross-shore Depth relating
distance (m) distance (m) to S.W.L. 
(m)
distance (m) distance (m) to S.W.L. 
(m)
distance (m) distance (m) to S.W.L. 
(m)
2 -0.6 -0.443 2 -0.6 -0.454 2 -0.6 -0.445
2 -0.7 -0.433 2 -0.7 -0.424 2 -0.7 -0.427
2 -0.8 -0.420 2 -0.8 -0.433 2 -0.8 -0.431
2 -0.9 -0.417 2 -0.9 -0.426 2 -0.9 -0.405
2 -1 -0.403 2 -1 -0.409 2 -1 -0.405
2 -1.1 -0.392 2 -1.1 -0.400 2 -1.1 -0.393
2 -1.2 -0.393 2 -1.2 -0.407 2 -1.2 -0.405
2 -1.3 -0.404 2 -1.3 -0.402 2 -1.3 -0.402
2 -1.4 -0.401 2 -1.4 -0.405 2 -1.4 -0.406
2 -1.5 -0.385 2 -1.5 -0.381 2 -1.5 -0.380
2 -1.6 -0.371 2 -1.6 -0.382 2 -1.6 -0.389
2 -1.7 -0.356 2 -1.7 -0.387 2 -1.7 -0.384
2 -1.8 -0.374 2 -1.8 -0.382 2 -1.8 -0.367
2 -1.9 -0.373 2 -1.9 -0.382 2 -1.9 -0.386
2 -2 -0.372 2 -2 -0.373 2 -2 -0.377
2 -2.1 -0.330 2 -2.1 -0.329 2 -2.1 -0.333
2 -2.2 -0.323 2 -2.2 -0.329 2 -2.2 -0.325
2 -2.3 -0.324 2 -2.3 -0.327 2 -2.3 -0.335
2 -2.4 -0.312 2 -2.4 -0.323 2 -2.4 -0.315
2 -2.5 -0.311 2 -2.5 -0.314 2 -2.5 -0.306
2 -2.6 -0.303 2 -2.6 -0.301 2 -2.6 -0.357
2 -2.7 -0.281 2 -2.7 -0.278 2 -2.7 -0.283
2 -2.8 -0.241 2 -2.8 -0.243 2 -2.8 -0.245
2 -2.9 -0.238 2 -2.9 -0.237 2 -2.9 -0.242
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2 -3 -0.227 2 -3 -0.234 2 -3 -0.249
2 -3.1 -0.232 2 -3.1 -0.244 2 -3.1 -0.236
2 • -3.2 -0.210 2 -3.2 -0.217 2 -3.2 -0.221
2 -3.3 -0.218 2 -3.3 -0.230 2 -3.3 -0.231
2 -3.4 -0.209 2 -3.4 -0.209 2 -3.4 -0.213
2 -3.5 -0.235 2 -3.5 -0.216 2 -3.5 -0.208
2 -3.6 -0.213 2 -3.6 -0.219 2 -3.6 -0.224
2 -3.7 -0.167 2 -3.7 -0.231 2 -3.7 -0.185
2 -3.8 -0.174 2 -3.8 -0.213 2 -3.8 -0.195
2 -3.9 -0.181 2 -3.9 -0.193 2 -3.9 -0.190
2 -4 -0.171 2 -4 -0.177 2 -4 -0.170
2 -4.1 -0.127 2 -4.1 -0.137 2 -4.1 -0.158
2 -4.2 -0.110 2 -4.2 -0.128 2 -4.2 -0.132
2 -4.3 -0.106 2 -4.3 -0.119 2 -4.3 -0.131
2 -4.4 -0.107 2 -4.4 -0.115 2 -4.4 -0.128
2 -4.5 -0.136 2 -4.5 -0.109 2 -4.5 -0.118
2 -4.6 -0.084 2 -4.6 -0.098 2 -4.6 -0.107
2 -4.7 -0.079 2 -4.7 -0.125 2 -4.7
ofHoI
2 -4.8 -0.065 2 -4.8 -0.080 2 -4.8 -0.067
2 -4.9 -0.048 2 -4.9 -0.071 2 -4.9 -0.027
2 -5 -0.039 2 -5 -0.075 2 -5 0.003
2 -5.1 -0.027 2 -5.1 -0.062 2 -5.1 0.060
2 -5.2 -0.025 2 -5.2 -0.019 2 -5.2 0.083
2 -5.3 0.012 2 -5.3 0.020 2 -5.3 0.078
2 -5.4 -0.011 2 -5.4 0.055 2 -5.4 0.031
2 -5.5 -0.010 2 -5.5 0.035 2 -5.5 0.045
2 -5.6 -0.010 2 -5.6 0.022 2 -5.6 0.065
2 -5.7 0.015 2 -5.7 0.050 2 -5.7 0.080
2 -5.8 0.050 2 -5.8 0.095 2 -5.8 0.125
2 -5.9 0.099 2 -5.9 0.117 2 -5.9 0.127
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0.121 -6 0.140 -6 0.135
Table A2- 51. Line 2 (Test 7 and Test 8)
ORIGINAL PROFILE AFTER TEST 7 AFTER TEST 8
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
4 -0.6 -0.429 4 -0.6 -0.427 4 -0.6 -0.429
4 -0.7 -0.430 4 -0.7 -0.447 4 -0.7 -0.447
4 -0.8 -0.436 4 -0.8 -0.439 4 -0.8 -0.426
4 -0.9 -0.423 4 -0.9 -0.409 4 -0.9 -0.411
4 -1 -0.406 4 -1 -0.414 4 -1 -0.409
4 -1.1 -0.422 4 -1.1 -0.408 4 -1.1 -0.411
4 -1.2 -0.400 4 -1.2 -0.397 4 -1.2 -0.400
4 -1.3 -0.383 4 -1.3 -0.396 4 -1.3 -0.405
4 -1.4 -0.394 4 -1.4 -0.383 4 -1.4 -0.388
4 -1.5 -0.393 4 -1.5 -0.379 4 -1.5 -0.387
4 -1.6 -0.374 4 -1.6 -0.378 4 -1.6 -0.379
4 -1.7 -0.364 4 -1.7 -0.376 4 -1.7 -0.372
4 -1.8 -0.346 4 -1.8 -0.352 4 -1.8 -0.350
4 -1.9 -0.336 4 -1.9 -0.344 4 -1.9 -0.339
4 -2 -0.321 4 -2 -0.328 4 -2 -0.297
4 -2.1 -0.306 4 -2.1 -0.322 4 -2.1 -0.319
4 -2.2 -0.305 4 -2.2 -0.296 4 -2.2 -0.295
4 -2.3 -0.297 4 -2.3 -0.292 4 -2.3 -0.289
4 -2.4 -0.293 4 -2.4 -0.286 4 -2.4 -0.281
4 -2.5 -0.282 4 -2.5 -0.290 4 -2.5 -0.285
4 -2.6 -0.270 4 -2.6 -0.282 4 -2.6 -0.265
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4 -2.7 -0.256 4 -2.7 -0.260 4 -2.7 -0.256
4 -2.8 -0.247 4 -2.8 -0.256 4 -2.8 -0.254
4 * -2.9 -0.241 4 -2.9 -0.232 4 -2.9 -0.233
4 -3 -0.216 4 -3 -0.232 4 -3 -0.225
4 -3.1 -0.204 4 -3.1 -0.231 4 -3.1 -0.213
4 -3.2 -0.185 4 -3.2 -0.206 4 -3.2 -0.199
4 -3.3 -0.185 4 -3.3 -0.195 4 -3.3 -0.192
4 -3.4 -0.168 4 -3.4 -0.178 4 -3.4 -0.181
4 -3.5 -0.156 4 -3.5 -0.159 4 -3.5 -0.163
4 -3.6 -0.158 4 -3.6 -0.155 4 -3.6 -0.160
4 -3.7 -0.150 4 -3.7 -0.183 4 -3.7 -0.149
4 -3.8 -0.133 4 -3.8 -0.169 4 -3.8 -0.136
4 -3.9 -0.130 4 -3.9 -0.136 4 -3.9 -0.144
4 -4 -0.120 4 -4 -0.131 4 -4 -0.139
4 -4.1 -0.119 4 -4.1 -0.125 4 -4.1 -0.141
4 -4.2 -0.082 4 -4.2 -0.110 4 -4.2 -0.137
4 -4.3 -0.071 4 -4.3 -0.101 4 -4.3 -0.139
4 -4.4 -0.059 4 -4.4 -0.087 4 -4.4 -0.130
4 -4.5 -0.056 4 -4.5 -0.089 4 -4.5 -0.129
4 -4.6 -0.045 4 -4.6 -0.102 4 -4.6 -0.120
4 -4.7 -0.035 4 -4.7 -0.078 4 -4.7 -0.113
4 -4.8 -0.004 4 -4.8 -0.077 4 -4.8 -0.111
4 -4.9 0.010 4 -4.9 -0.050 4 -4.9 -0.068
4 -5 0.013 4 -5 -0.068 4 -5 -0.061
4 -5.1 0.007 4 -5.1 -0.046 4 -5.1 -0.026
4 -5.2 0.005 4 -5.2 -0.035 4 -5.2 0.015
4 -5.3 0.021 4 -5.3 0.007 4 -5.3 0.077
4 -5.4 0.030 4 -5.4 0.044 4 -5.4 0.121
4 -5.5 0.025 4 -5.5 0.016 4 -5.5 0.049
4 -5.6 0.035 4 -5.6 0.045 4 -5.6 0.055
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4 -5.7 0.057 4 -5.7 0.065 4 -5.7 0.065
4 -5.8 0.065 4 -5.8 0.050 4 -5.8 0.063
4 • -5.9 0.045 4 -5.9 0.077 4 -5.9 0.085
4 -6 0.050 4 -6 0.085 4 -6 0.080
Table A2- 52. Line 3 (Test 7 and Test 8)
ORIGINAL PROFILE AFTER TEST 7 AFTER TEST 8
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
5.64 -0.6 -0.439 5.64 -0.6 -0.426 5.64 -0.6 -0.427
5.64 -0.7 -0.447 5.64 -0.7 -0.427 5.64 -0.7 -0.423
5.64 -0.8 -0.442 5.64 -0.8 -0.413 5.64 -0.8 -0.419
5.64 -0.9 -0.421 5.64 -0.9 -0.405 5.64 -0.9 -0.396
5.64 -1 -0.392 5.64 -1 -0.387 5.64 -1 -0.379
5.64 -1.1 -0.385 5.64 -1.1 -0.376 5.64 -1.1 -0.372
5.64 -1.2 -0.379 5.64 -1.2 -0.371 5.64 -1.2 -0.348
5.64 -1.3 -0.373 5.64 -1.3 -0.366 5.64 -1.3 -0.361
5.64 -1.4 -0.364 5.64 -1.4 -0.358 5.64 -1.4 -0.360
5.64 -1.5 -0.367 5.64 -1.5 -0.364 5.64 -1.5 -0.344
5.64 -1.6 -0.363 5.64 -1.6 -0.347 5.64 -1.6 -0.350
5.64 -1.7 -0.400 5.64 -1.7 -0.334 5.64 -1.7 -0.341
5.64 -1.8 -0.365 5.64 -1.8 -0.330 5.64 -1.8 -0.322
5.64 -1.9 -0.357 5.64 -1.9 -0.318 5.64 -1.9 -0.311
5.64 -2 -0.323 5.64 -2 -0.314 5.64 -2 -0.306
5.64 -2.1 -0.314 5.64 -2.1 -0.294 5.64 -2.1 -0.289
5.64 -2.2 -0.302 5.64 -2.2 -0.288 5.64 -2.2 -0.291
5.64 -2.3 -0.286 5.64 -2.3 -0.285 5.64 -2.3 -0.278
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5.64 -2.4 -0.285 5.64 -2.4 -0.269 5.64 -2.4 -0.267
5.64 -2.5 -0.270 5.64 -2.5 -0.255 5.64 -2.5 -0.258
5.64 • -2.6 -0.258 5.64 -2.6 -0.243 5.64 -2.6 -0.245
5.64 -2.7 -0.269 5.64 -2.7 -0.249 5.64 -2.7 -0.246
5.64 -2.8 -0.255 5.64 -2.8 -0.243 5.64 -2.8 -0.248
5.64 -2.9 -0.264 5.64 -2.9 -0.236 5.64 -2.9 -0.237
5.64 -3 -0.266 5.64 -3 -0.230 5.64 -3 -0.243
5.64 -3.1 -0.270 5.64 -3.1 -0.199 5.64 -3.1 -0.222
5.64 -3.2 -0.204 5.64 -3.2 -0.189 5.64 -3.2 -0.197
5.64 -3.3 -0.191 5.64 -3.3 -0.163 5.64 -3.3 -0.168
5.64 -3.4 -0.175 5.64 -3.4 -0.163 5.64 -3.4 -0.172
5.64 -3.5 -0.172 5.64 -3.5 -0.159 5.64 -3.5 -0.161
5.64 -3.6 -0.186 5.64 -3.6 -0.143 5.64 -3.6 -0.147
5.64 -3.7 -0.132 5.64 -3.7 -0.137 5.64 -3.7 -0.154
5.64 -3.8 -0.128 5.64 -3.8 -0.115 5.64 -3.8 -0.133
5.64 -3.9 -0.120 5.64 -3.9 -0.109 5.64 -3.9 -0.125
5.64 -4 -0.129 5.64 -4 -0.110 5.64 -4 -0.129
5.64 -4.1 -0.145 5.64 -4.1 -0.111 5.64 -4.1 -0.115
5.64 -4.2 -0.105 5.64 -4.2 -0.118 5.64 -4.2 -0.123
5.64 -4.3 -0.092 5.64 -4.3 -0.086 5.64 -4.3 -0.119
5.64 -4.4 -0.068 5.64 -4.4 -0.080 5.64 -4.4 -0.111
5.64 -4.5 -0.060 5.64 -4.5 -0.098 5.64 -4.5 -0.108
5.64 -4.6 -0.082 5.64 -4.6 -0.084 5.64 -4.6 -0.110
5.64 -4.7 -0.055 5.64 -4.7 -0.079 5.64 -4.7 -0.120
5.64 -4.8 -0.075 5.64 -4.8 -0.074 5.64 -4.8 -0.125
5.64 -4.9 -0.069 5.64 -4.9 -0.078 5.64 -4.9 -0.109
5.64 -5 -0.053 5.64 -5 -0.077 5.64 -5 -0.096
5.64 -5.1 -0.052 5.64 -5.1 -0.044 5.64 -5.1 -0.085
5.64 -5.2 -0.029 5.64 -5.2 -0.005 5.64 -5.2 -0.081
5.64 -5.3 -0.023 5.64 -5.3 0.046 5.64 -5.3 -0.048
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5.64 -5.4 -0.023 5.64 -5.4 0.037 5.64 -5.4 0.005
5.64 -5.5 -0.018 5.64 -5.5 0.030 5.64 -5.5 0.061
5.64 • -5.6 0.013 5.64 -5.6 0.043 5.64 -5.6 0.041
5.64 -5.7 0.024 5.64 -5.7 0.048 5.64 -5.7 0.033
5.64 -5.8 0.020 5.64 -5.8 0.061 5.64 -5.8 0.035
5.64 -5.9 0.031 5.64 -5.9 0.066 5.64 -5.9 0.045
5.64 -6 0.055 5.64 -6 0.080 5.64 -6 0.065
Table A2- 53. Line 1 (Test 9 and Test 10)
OlEUGINAL PROFILE AFTER TEST 9 AFTER TEST110
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
2 -0.6 -0.433 2 -0.6 -0.445 2 -0.6 -0.432
2 -0.7 -0.433 2 -0.7 -0.439 2 -0.7 -0.434
2 -0.8 -0.424 2 -0.8 -0.428 2 -0.8 -0.431
2 -0.9 -0.426 2 -0.9 -0.415 2 -0.9 -0.415
2 -1 -0.418 2 -1 -0.435 2 -1 -0.422
2 -1.1 -0.426 2 -1.1 -0.423 2 -1.1 -0.428
2 -1.2 -0.419 2 -1.2 -0.428 2 -1.2 -0.426
2 -1.3 -0.423 2 -1.3 -0.422 2 -1.3 -0.433
2 -1.4 -0.414 2 -1.4 -0.413 2 -1.4 -0.417
2 -1.5 -0.410 2 -1.5 -0.414 2 -1.5 -0.416
2 -1.6 -0.408 2 -1.6 -0.393 2 -1.6 -0.409
2 -1.7 -0.396 2 -1.7 -0.404 2 -1.7 -0.458
2 -1.8 -0.381 2 -1.8 -0.373 2 -1.8 -0.438
2 -1.9 -0.389 2 -1.9 -0.379 2 -1.9 i o i—
*
2 -2 -0.374 2 -2 -0.376 2 -2 -0.408
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2 -2.1 -0.357 2 -2.1 -0.372 2 -2.1 -0.370
2 -2.2 -0.341 2 -2.2 -0.391 2 -2.2 -0.347
2 • -2.3 -0.335 2 -2.3 -0.399 2 -2.3 -0.358
2 -2.4 -0.349 2 -2.4 -0.400 2 -2.4 -0.355
2 -2.5 -0.334 2 -2.5 -0.373 2 -2.5 -0.349
2 -2.6 -0.311 2 -2.6 -0.316 2 -2.6 -0.324
2 -2.7 -0.340 2 -2.7 -0.303 2 -2.7 -0.326
2 -2.8 -0.331 2 -2.8 -0.300 2 -2.8 -0.290
2 -2.9 -0.265 2 -2.9 -0.275 2 -2.9 -0.285
2 -3 -0.254 2 -3 -0.270 2 -3 -0.263
2 -3.1 -0.248 2 -3.1 -0.255 2 -3.1 -0.258
2 -3.2 -0.224 2 -3.2 -0.297 2 -3.2 -0.301
2 -3.3 -0.231 2 -3.3 -0.285 2 -3.3 -0.286
2 -3.4 -0.213 2 -3.4 -0.208 2 -3.4 -0.226
2 -3.5 -0.196 2 -3.5 -0.204 2 -3.5 -0.227
2 -3.6 -0.187 2 -3.6 -0.207 2 -3.6 -0.239
2 -3.7 -0.174 2 -3.7 -0.196 2 -3.7 -0.241
2 -3.8 -0.161 2 -3.8 -0.186 2 -3.8 -0.232
2 -3.9 -0.144 2 -3.9 -0.196 2 -3.9 -0.219
2 -4 -0.149 2 -4 -0.197 2 -4 -0.190
2 -4.1 -0.143 2 -4.1 -0.156 2 -4.1 -0.174
2 -4.2 -0.130 2 -4.2 -0.146 2 -4.2 -0.154
2 -4.3 -0.123 2 -4.3 -0.142 2 -4.3 -0.131
2 -4.4 -0.117 2 -4.4 -0.126 2 -4.4 -0.132
2 -4.5 -0.104 2 -4.5 -0.096 2 -4.5 -0.104
2 -4.6 -0.079 2 -4.6 -0.092 2 -4.6 -0.076
2 -4.7 -0.055 2 -4.7 -0.065 2 -4.7 -0.050
2 -4.8 -0.050 2 -4.8 -0.055 2 -4.8 -0.047
2 -4.9 -0.034 2 -4.9 -0.020 2 -4.9 -0.010
2 -5 -0.034 2 -5 -0.041 2 -5 0.040
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2 -5.1 -0.027 2 -5.1 -0.021 2 -5.1 0.083
2 -5.2 -0.002 2 -5.2 0.017 2 -5.2 0.139
2 • -5.3 0.015 2 -5.3 0.070 2 -5.3 0.203
2 -5.4 0.030 2 -5.4 0.115 2 -5.4 0.218
2 -5.5 0.042 2 -5.5 0.150 2 -5.5 0.153
2 -5.6 0.053 2 -5.6 0.108 2 -5.6 0.097
2 -5.7 0.099 2 -5.7 0.096 2 -5.7 0.115
2 -5.8 0.120 2 -5.8 0.095 2 -5.8 0.115
2 -5.9 0.130 2 -5.9 0.105 2 -5.9 0.120
2 -6 0.155 2 -6 0.120 2 -6 0.115
Table A2- 54. Line 2 (Test 9 and Test 10)
OlMGINAL PROFILE AFTER TEST 9 AFTER TEST 10
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
4 -0.6 -0.431 4 -0.6 -0.427 4 -0.6 -0.433
4 -0.7 -0.408 4 -0.7 -0.429 4 -0.7 -0.431
4 -0.8 -0.428 4 -0.8 -0.420 4 -0.8 -0.420
4 -0.9 -0.419 4 -0.9 -0.418 4 -0.9 -0.417
4 -1 -0.417 4 -1 -0.405 4 -1 -0.414
4 -1.1 -0.410 4 -1.1 -0.411 4 -1.1 -0.416
4 -1.2 -0.400 4 -1.2 -0.401 4 -1.2 -0.401
4 -1.3 -0.395 4 -1.3 -0.401 4 -1.3 -0.401
4 -1.4 -0.386 4 -1.4 -0.384 4 -1.4 -0.389
4 -1.5 -0.388 4 -1.5 -0.370 4 -1.5 -0.383
4 -1.6 -0.376 4 -1.6 -0.384 4 -1.6 -0.381
4 -1.7 -0.364 4 -1.7 -0.352 4 -1.7 -0.375
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4 -1.8 -0.338 4 -1.8 -0.352 4 -1.8 -0.339
4 -1.9 -0.333 4 -1.9 -0.340 4 -1.9 -0.339
4 • -2 -0.330 4 -2 -0.306 4 -2 -0.310
4 -2.1 -0.300 4 -2.1 -0.323 4 -2.1 -0.319
4 -2.2 -0.294 4 -2.2 -0.295 4 -2.2 -0.302
4 -2.3 -0.291 4 -2.3 -0.292 4 -2.3 -0.301
4 -2.4 -0.279 4 -2.4 -0.284 4 -2.4 -0.294
4 -2.5 -0.271 4 -2.5 -0.291 4 -2.5 -0.300
4 -2.6 -0.273 4 -2.6 -0.280 4 -2.6 -0.281
4 -2.7 -0.243 4 -2.7 -0.259 4 -2.7 -0.269
4 -2.8 -0.253 4 -2.8 -0.250 4 -2.8 -0.262
4 -2.9 -0.235 4 -2.9 -0.245 4 -2.9 -0.246
4 -3 -0.226 4 -3 -0.238 4 -3 -0.227
4 -3.1 -0.218 4 -3.1 -0.206 4 -3.1 -0.211
4 -3.2 -0.214 4 -3.2 -0.225 4 -3.2 -0.229
4 -3.3 -0.206 4 -3.3 -0.222 4 -3.3 -0.224
4 -3.4 -0.189 4 -3.4 -0.196 4 -3.4 -0.213
4 -3.5 -0.167 4 -3.5 -0.179 4 -3.5 -0.224
4 -3.6 -0.154 4 -3.6 -0.172 4 -3.6 -0.216
4 -3.7 -0.140 4 -3.7 -0.155 4 -3.7 -0.213
4 -3.8 -0.149 4 -3.8 -0.160 4 -3.8 -0.220
4 -3.9 -0.150 4 -3.9 -0.173 4 -3.9 -0.217
4 -4 -0.155 4 -4 -0.177 4 -4 -0.212
4 -4.1 -0.139 4 -4.1 -0.180 4 -4.1 -0.218
4 -4.2 -0.129 4 -4.2 -0.171 4 -4.2 -0.207
4 -4.3 -0.115 4 -4.3 -0.171 4 -4.3 -0.205
4 -4.4 -0.120 4 -4.4 -0.172 4 -4.4 -0.191
4 -4.5 -0.096 4 -4.5 -0.161 4 -4.5 -0.169
4 -4.6 -0.084 4 -4.6 -0.143 4 -4.6 -0.163
4 -4.7 -0.055 4 -4.7 -0.135 4 -4.7 -0.129
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4 -4.8 -0.055 4 -4.8 -0.125 4 -4.8 -0.125
4 -4.9 -0.045 4 -4.9 -0.065 4 -4.9 -0.050
4 < -5 -0.043 4 -5 -0.085 4 -5 -0.095
4 -5.1 -0.034 4 -5.1 -0.049 4 -5.1 -0.085
4 -5.2 -0.020 4 -5.2 -0.032 4 -5.2 -0.050
4 -5.3 -0.003 4 -5.3 0.010 4 -5.3 -0.031
4 -5.4 0.020 4 -5.4 0.003 4 -5.4 0.151
4 -5.5 0.039 4 -5.5 0.140 4 -5.5 0.117
4 -5.6 0.051 4 -5.6 0.155 4 -5.6 0.172
4 -5.7 0.062 4 -5.7 0.115 4 -5.7 0.247
4 -5.8 0.065 4 -5.8 0.095 4 -5.8 0.208
4 -5.9 0.080 4 -5.9 0.090 4 -5.9 0.151
4 -6 0.105 4 -6 0.105 4 -6 0.138
Table A2- 55. Line 3 (Test 9 and Test 10)
ORIGINAL PROFILE AFTER TEST 9 AFTER TEST 10
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
Long-shore 
distance (m)
Cross-shore 
distance (m)
Depth relating 
to S.W.L. 
(m)
5.64 -0.6 -0.406 5.64 -0.6 -0.429 5.64 -0.6 -0.432
5.64 -0.7 -0.409 5.64 -0.7 -0.418 5.64 -0.7 -0.437
5.64 -0.8 -0.394 5.64 -0.8 -0.426 5.64 -0.8 -0.417
5.64 -0.9 -0.394 5.64 -0.9 -0.415 5.64 -0.9 -0.420
5.64 -1 -0.376 5.64 -1 -0.390 5.64 -1 -0.397
5.64 -1.1 -0.367 5.64 -1.1 -0.389 5.64 -1.1 -0.393
5.64 -1.2 -0.350 5.64 -1.2 -0.388 5.64 -1.2 -0.378
5.64 -1.3 -0.356 5.64 -1.3 -0.375 5.64 -1.3 -0.356
5.64 -1.4 -0.351 5.64 -1.4 -0.370 5.64 -1.4 -0.365
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5.64 -1.5 -0.326 5.64 -1.5 -0.347 5.64 -1.5 -0.364
5.64 -1.6 -0.346 5.64 -1.6 -0.361 5.64 -1.6 -0.359
5.64 • -1.7 -0.328 5.64 -1.7 -0.333 5.64 -1.7 -0.336
5.64 -1.8 -0.325 5.64 -1.8 -0.336 5.64 -1.8 -0.341
5.64 -1.9 -0.305 5.64 -1.9 -0.322 5.64 -1.9 -0.325
5.64 -2 -0.298 5.64 -2 -0.320 5.64 -2 -0.319
5.64 -2.1 -0.283 5.64 -2.1 -0.314 5.64 -2.1 -0.311
5.64 -2.2 -0.280 5.64 -2.2 -0.352 5.64 -2.2 -0.305
5.64 -2.3 -0.268 5.64 -2.3 -0.290 5.64 -2.3 -0.287
5.64 -2.4 -0.262 5.64 -2.4 -0.277 5.64 -2.4 -0.263
5.64 -2.5 -0.253 5.64 -2.5 -0.271 5.64 -2.5 -0.261
5.64 -2.6 -0.241 5.64 -2.6 -0.259 5.64 -2.6 -0.273
5.64 -2.7 -0.235 5.64 -2.7 -0.260 5.64 -2.7 -0.259
5.64 -2.8 -0.233 5.64 -2.8 -0.262 5.64 i NJ oo -0.264
5.64 -2.9 -0.236 5.64 -2.9 -0.248 5.64 -2.9 -0.246
5.64 -3 -0.232 5.64 -3 -0.244 5.64 -3 -0.261
5.64 -3.1 -0.225 5.64 -3.1 -0.240 5.64 -3.1 -0.237
5.64 -3.2 -0.194 5.64 -3.2 -0.220 5.64 -3.2 -0.227
5.64 -3.3 -0.176 5.64 -3.3 -0.207 5.64 -3.3 -0.221
5.64 -3.4 -0.163 5.64 -3.4 -0.194 5.64 -3.4 -0.208
5.64 -3.5 -0.158 5.64 -3.5 -0.170 5.64 -3.5 -0.212
5.64 -3.6 -0.184 5.64 -3.6 -0.156 5.64 -3.6 -0.207
5.64 -3.7 -0.160 5.64 -3.7 -0.165 5.64 -3.7 -0.200
5.64 -3.8 -0.159 5.64 -3.8 -0.164 5.64 -3.8 -0.213
5.64 -3.9 -0.153 5.64 -3.9 -0.168 5.64 -3.9 -0.212
5.64 -4 -0.156 5.64 -4 -0.160 5.64 -4 -0.213
5.64 -4.1 -0.153 5.64 -4.1 -0.147 5.64 -4.1 -0.210
5.64 -4.2 -0.131 5.64 -4.2 -0.158 5.64 -4.2 -0.218
5.64 -4.3 -0.116 5.64 -4.3 -0.153 5.64 -4.3 -0.217
5.64 -4.4 -0.110 5.64 -4.4 -0.157 5.64 -4.4 -0.216
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5.64 -4.5 -0.080 5.64 -4.5 -0.173 5.64 -4.5 -0.190
5.64 -4.6 -0.089 5.64 -4.6 -0.158 5.64 -4.6 -0.178
5.64* -4.7 -0.115 5.64 -4.7 -0.165 5.64 -4.7 -0.155
5.64 -4.8 -0.085 5.64 -4.8 -0.130 5.64 -4.8 -0.152
5.64 -4.9 -0.087 5.64 -4.9 -0.109 5.64 -4.9 -0.150
5.64 -5 -0.078 5.64 -5 -0.097 5.64 -5 -0.116
5.64 -5.1 -0.060 5.64 -5.1 -0.085 5.64 -5.1 -0.096
5.64 -5.2 -0.055 5.64 -5.2 -0.059 5.64 -5.2 -0.050
5.64 -5.3 -0.048 5.64 -5.3 -0.037 5.64 -5.3 -0.034
5.64 -5.4 -0.045 5.64 -5.4 0.015 5.64 -5.4 -0.034
5.64 -5.5 -0.024 5.64 -5.5 0.073 5.64 -5.5 0.055
5.64 -5.6 -0.005 5.64 -5.6 0.165 5.64 -5.6 0.090
5.64 -5.7 0.016 5.64 -5.7 0.126 5.64 -5.7 0.135
5.64 -5.8 0.015 5.64 -5.8 0.115 5.64 -5.8 0.175
5.64 -5.9 0.040 5.64 -5.9 0.095 5.64 -5.9 0.168
5.64 -6 0.080 5.64 -6 0.094 5.64 -6 0.170
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APPENDIX III
Al. The application of Goda’s breaking method in spreadsheet (Torrini and 
Allsop, 1999)
Goda’s breaking method requires offshore wave conditions. In the event that the 
given wave height is not offshore, a synthetic one is produced, as explained 
below in the following:
The local wave height at a given water depth is given. The deepwater 
wavelength is calculated (Eq.A3- 1), and the breaker limit wave height is 
estimated using Goda’s breaking criterion (Eq.A3- 2).
where Hb= breaking wave height
A = coefficient set equal to 0.12 
m = bed slope (1:)
The given wave height is compared with the limiting wave height, and a warning 
is given if this has been exceeded; in this case, there is no need to proceed with 
the method.
If the initial wave height is smaller than the limiting wave height, the local 
wavelength is determined, using either Fenton’s formula (Eq.A3- 3), for 
intermediate water, or the formula for shallow water (Eq.A3- 4).
Eq.A3- 1 L0 = ^
where L o =  offshore wavelength 
Tp= peak period
Eq.A3-2 7 -^ = A11 — exp - 1 . 5 ^1*0 I L0
3
Eq.A3- 3 Lloca] = L0t a n h ^ ( ^ L ) ? 0.04 < < 0.5
L local
Eq.A3- 4 !jiocai — T yj ghjocai lliocaL < o.04
where Liocai= wavelength calculated at a given water depth 
h ioca i=  initial water depth
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The shoaling coefficient K$ is then estimated. Since non-linear effects can be 
neglected in relative deep water (Goda, 1985), the shoaling coefficient is 
calculated here using the small amplitude wave theory (Eq.A3- 5).
Eq.A3- 5 Ks =
^ 4 T t h  | o e a |  j
sinh ffpocal )
V ^ local /
t a n h
/2irh^oca[ \ 
'  ^local /
From the relationship relating the offshore wave height to the local wave height 
(Eq.A3- 6) a synthetic offshore wave height is derived.
Eq.A3- 6 Hs0 =
K-S
The equivalent significant deepwater wave height (significant deepwater wave 
height after being refracted) is calculated (Eq.A3- 7).
Eq.A3- 7 Hs0'= K rHs0
where Kr= refraction coefficient
Coming inshore, the shoaling coefficient (Shuto’s non-linear shoaling 
coefficient, as suggested in Goda (1985) is then estimated (Eq. A3-8) and the 
wave height is determined (Eq.A3- 9).
Ks = Ksi for h30 < h
2
Eq.A3- 8 Ks = (Ksi)30 f  for hso < h < h30
Ks(VkT - B ) - C  = 0 forh < h50
where h= water depth
Ksi = shoaling coefficient for small amplitude wave (Eq.A3- 5)
I130 = water depth satisfying Eq.A3- 9
(Ksi)3o= shoaling coefficient for h30
hso = water depth satisfying Eq.A3- 10
B, C = constants defined in Eq.A3- 11 and Eq.A3- 12
^ A3- 9 ( ^ ) 2 = H ^ ( K^ 3 0
Eq.A3-10 ( ^ ) 2 = ^ ( K si)50
B
2tiHsq
L0
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3
Eq.A3- 12 C = -r-^0
| 2nHs o
J  Lo
where (Ksi)3o= shoaling coefficient at h=h5o
C50 = constant defined by Eq.A3- 13
The wave height is then estimated by shoaling, Eq.A3- 14 and compared with 
the breaker limit wave height, calculated using Goda’s breaking criterion 
(Eq.A3- 2).
Eq.A3- 14 Hsi = KsHs0'
When the limit is exceeded, breaking is initiated, the wave has entered the surf 
zone and Goda’s braking method is applied (Eq.A3- 15).
;Hs0 for — >0.2
{ (P „H so ' +  P xh ) ,  pmax Hs0, KsHs0 } for ^  < 0.2min
where Po, pi, and pmax are defined as follow:
Po = 0.028 (!^ -) exp(20m15)
' v -0 .38
Eq.A3- 16   .  - f
V L(
Eq.A3-17 Pj = 0.52e4-2m
Eq.A3-18 P,’max max j 0.92,0.32
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A2. Observation of the cross-shore currents, of each individual test and line, 
during the experim ent
+ve (Vy)
Figure A 3- 1.2D p re sen ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T est 1-L ine 1
+ve (Vy)
fr<( <( ■
Chmp W
Figure A3- 2. 2D presentation o f  the time-averaged currents for Test 1- Line 2
4 9 6
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Figure A 3- 3. 2D  p resen ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T es t 1- L ine  3
F igure A 3- 4. 2D  p re sen ta tio n  o f  th e  tim e-av e rag ed  cu rren ts  for T est 2- L ine 1
4 9 7
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F igure A 3- 5. 2D  p resen ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T est 2- L ine 2
F igure A 3- 6. 2D  p re sen ta tio n  o f  the  tim e -av e rag ed  curren ts  for T est 2- L ine 3
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Figure A 3- 7. 2D  p re sen ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T es t 3- L ine 1
CtangrW
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F igure  A 3- 8. 2D  p re sen ta tio n  o f  the  tim e -av e rag ed  cu rren ts  fo r T est 3- L ine 2
4 9 9
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F igure A 3- 9. 2D  p re sen ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T est 3- L ine 3
F igure A 3- 10. 2D  p re sen ta tio n  o f  th e  tim e -av e rag ed  cu rren ts  for T est 4- L ine 1
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F igure A 3- 11. 2D  p re se n ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T est 4- L ine 2
+ v e  (Vy)
Figure A 3- 12. 2D  p re se n ta tio n  o f  th e  tim e-av e rag ed  cu rren ts  for T est 4- L ine 3
50 1
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Figure A 3- 13. 2D  p re sen ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T est 5- L ine  1
F igure A 3- 14. 2D  p re sen ta tio n  o f  th e  tim e -av e rag ed  cu rren ts  for T est 5- L ine 2
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CtONgttm)
F igure A 3- 15. 2D  p re se n ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T est 5- L ine 3
+ve (Vy)
Figure A3- 16. 2D presentation o f  the time-averaged currents for Test 6- Line 1
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Figure A 3- 17. 2D  p re sen ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T es t 6- L in e  2
+ v e  ( V y )
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Figure A3- 18. 2D presentation o f  the time-averaged currents for Test 6- Line 3
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F igure A 3 - 19. 2D  p re se n ta tio n  o f  th e  t im e -a v e ra g e d  cu rren ts  fo r T es t 7- L in e  1
 ^ +ve  (Vy)
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F igure A 3 - 20 . 2 D  p re se n ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T est 7- L ine  2
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Figure A 3- 21. 2D  p resen ta tio n  o f  the tim e-av e rag ed  cu rren ts  fo r T est 7- L in e  3
 ^ +ve (Vy)
Figure A 3- 22. 2D  p re sen ta tio n  o f  the  tim e -av e rag ed  cu rren ts  for T est 8- L ine 1
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Figure A 3- 23. 2D  p resen ta tio n  o f  the  tim e-av e rag ed  cu rren ts  fo r T est 8- L in e  2
CtaMfiM
Figure A 3- 24. 2D  p re sen ta tio n  o f  th e  tim e-av e rag ed  cu rren ts  fo r T est 8- L ine 3
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Figure A 3- 25. 2D  p re sen ta tio n  o f  the  tim e-av e rag ed  cu rren ts  for T est 9- L in e  1
Figure A 3- 26. 2D  p re sen ta tio n  o f  th e  tim e-av e rag ed  cu rren ts  fo r T est 9- L ine 2
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Figure A 3- 27. 2D  p resen ta tio n  o f  the  tim e-av e rag ed  cu rren ts  fo r T est 9- L in e  3
ChwgMm)
Figure A 3- 28. 2D  p re sen ta tio n  o f  th e  tim e-av e rag ed  cu rren ts  fo r T est 10- L ine  1
5 0 9
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F igure A 3- 29. 2D  p re se n ta tio n  o f  th e  tim e -av e rag e d  cu rren ts  fo r T est 10- L ine 2
F igure A 3- 30. 2D  p re se n ta tio n  o f  th e  tim e-av e rag ed  curren ts for T est 10- L ine 3
5 1 0
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A3. The undertow model of Kuriyama and Nakatsukasa (2000)
The time- and depth-averaged undertow velocity of an individual wave Vmd is 
estimated with the volume flux due to the organised wave motion Qw and that 
due to the surface roller Qr.
Eq.A3-19 Vmd =
“ tr
where dtris the distance between the wave trough level and the bottom, and is 
simply determined as
Eq.A3- 20 d* =  h -  j
where h is the water depth and H is the wave height. For random waves H is 
represented by Hmo.
The volume flux due to the organized wave motion Qw is calculated with the 
wave celerity C, the water depth h, and the root-mean-square of water surface 
elevation of an individual wave £nns by the following equation proposed by 
Svendsen (1984a):
Eq.A3- 21 Qw = - © ? 2 rms
The value of £rms is estimated with consideration for the wave nonlinearity. With 
the parameter II expressing nonlinearity of an individual wave and experimental 
data shown by Goda (1983), the relationship between £rms and H was obtained; 
the parameter II and the relationship obtained are expressed by:
Eq.A3- 22 II =  H
Lcot »<nr)
Eq.A3- 23 r^ms
n  <  0.15,( i 
2V2'
 - H, 0.15 <11 < 3 ,
1.668 log n+4.204
iH , n > 3 .
5
In the estimation of Qr, the volume flux due to the roller is obtained from
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where Ar is the area of the roller. The area of the surface roller is estimated on 
the basis of the assumptions mentioned below.
(1) The area of the surface roller is basically assumed to be proportional to 
the square of the wave height. The area Ari is estimated with a 
dimensionless coefficient Ca from
Eq.A3- 25 Arl = CAH2,
where Ca is given by
Eq.A3- 26 CA = 17.0 log + 24.7,
where §> is the surf similarity parameter at the wave breaking position and is 
estimated by
where tanp is the bed slope, Li/3,0 is the offshore wavelength corresponding to 
the significant wave period and Hi/3jb is the significant wave height at the wave- 
breaking position and is estimated by
For random waves (Kuriyama, 1996):
Eq.A3- 27 ^  ^
Eq.A3- 28 ^  = Cbr 0 . 1 6 j 4 l  -  ex p  { - 0 . 8 n ^ ( l  +  15  ta n  p i ) ] ]  -  
0 .9 6 t a n p  +  0.2
For regular waves (Seyama and Kimura, 1988):
Eq.A3- 29 Hb = 1.25hb 0 . 1 6 ^ [ l  -  e x p { - 0 . 8 i t ^ ( l  +  15 ta n  p i)} ]  
0 .9 6  ta n  p +  0.2
where Hb is the wave breaking height, hb is the wave breaking depth and L0 is 
the wavelength in deep water. Cbr is a dimensionless coefficient with a range 
from 0.7 to 1.2.
APPENDICES Appendix III
(2) The energy of the surface roller should not exceed the energy transferred 
from the organized wave motion. The roller area is therefore determined 
not to exceed the roller area Ar2 estimated without the energy dissipation 
of the surface roller from the following equation:
Eq.A3- 30 f iM s l + £0^£sl = 0
d y  d y
where,
Eq.A3- 31 Wr = — pC2 —~
Eq.A3- 32 £iM*2 = I p g I < ^ ,
where Wr is the energy of the roller having the distribution of the time-averaged 
velocity above the wave trough level, Ew is the energy of the organized wave 
motion (=pgH /8), Cg is the group velocity, p is the sea water density, T is the 
wave period, H is the wave height, h is the water depth, and B is a dimensionless 
coefficient determining the amount of energy dissipation. Kuriyama and Ozaki 
(1996) investigated the coefficient B with the experimental data of Seyama and 
Kimura (1988), and proposed the following formula:
Eq.A3- 33 B = CB {l.6 -  0.12 In + 0.28 ln(tan P)],
where Ho is the wave height in deep water, and Cb is a dimensionless coefficient 
with a range from 0.7 to 1.1.
(3) The surface roller diminishes at the wave reforming point
In the actual calculation, Ari and Ar2 are estimated and the smaller value is 
assumed to be the area of the surface roller.
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A4. The undertow model of Grasmeijer and Ruessink (2003)
The time- and depth-averaged undertow velocity u is derived from the mass flux 
due to the wave motion (Qw) and the mass flux due to the surface roller (Qr).
Eq.A3- 34 u = ~ ^ W+Qr),
^trough
where htrough = h- H/2
where h is the water depth and H is the wave height. For random waves H is 
represented by Hm*.
Using linear theory, Qw is computed as 
Eq.A3- 35 Qw = ±  = ± (f) II2 cos 0,
where E is the wave energy (=cos0pgH2/8) for obliquely waves, 0 is the angle of 
incidence, p is the density of the water and c is the wave phase speed.
The roller distribution Qr is computed as (Svendsen, 1984a)
Eq.A3- 36 Qr = £ = ^ c o s 0
where A is the roller area, T is the wave period and Er is the roller energy 
density and is estimated by
Eq.A3-37 Er = = £
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A 5. B R E A K W A T  (V a n  d e r  M e e r ,  1988)
NON DIMENSIONAL PARAMETERS
Fictitious wave steepness V ^ H /g T .*
Dimensionless wave height by wave period parameter H0lfl=Hl/ADrfa (g/DnS0X).5 Tm
PARAMETER CALCULATIONS
Runup length I,.
Crest height h(
Crest length !c
Step height hs
Step length I,
transition height l \
angles <■ and 3
power functions between hc and
Iv______________________________________________
INPUTS
H, (m) Significant wave height
Tm(s) Mean period
h (m) Depth of water in front of the beach
D«SO ("0 Nominal diameter
d„ / d15 Grading of the stone
A Relative mass density
N number of waves
<P angle of ware attack
INITIAL PROFILE
FINAL PROFILE
Figure A 3- 31. D e sc rip tiv e  su m m ary  o f  B R E A K W A T  (tak en  from  L opez de San
R o m an -B ian co , 2003)
5 1 5
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“The computational model of BREAKWAT uses empirical equations developed 
by Van der Meer (1988) for rock and riprap armouring on breakwaters, sea 
walls, and revetment. These relate the. main geometrical parameters of the 
profile to wave conditions given by the wave parameters H0 and T0. The 
computational model may be used to calculate dynamically stable profiles where 
the manual method would be laborious. The method is limited to different ranges 
for the main dimensionless parameters:
2nHs
0 .001  < sm = -----7 < 0.06
gTm2
Hs Hs I 93 < — —  < 500 where Ns =  — —  and T0 = Tm - —*unS0 &un50 J  unS0
T1  <  0.6hs
The computational model has been fitted with warnings for when calculation 
parameters fall outside these or other ranges. Van der Meer (1988) reports that 
this model and the underlying equations has been verified against a number of 
experiments at small and large scales.
Experience of the use of this method, and supplementary studies on coarse rock 
mounds (Sievwright, 1994), suggests however that this method tends to 
overestimate the crest level and thus to under-predict wave overtopping” (Simm 
etal., 1996).
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A 6. S H IN G L E  (P o w ell, 1990 a n d  1993)
INPUTS INITIAL PROFILE
H. (m ) — Significant wave height
T -( s ) — Mean period
SWL(m OD) — Sea water level
D .(m ) -  Depth of water at toe of the beach
Ta (m OO) -  Beach toe elevation
Dso (m m ) — Mean grain size
m — Stratum slope
Dk (m) -  Depth of the beach
Losses (‘Vo) -  Percentage loss during longshore transport
CALCULATION OF DIMENSIONLESS 
GROUPINGS CHECK VALIDITY RANGES
H./ Lm - Wave steepness
(H,T«(g t/I)/I>so3/I * Wave power to sediment size 
H./Dso - Wave height to sediment size
H* /(L mOss)
Hs1/(D » 3/HHal/*)
Dv/Dvo
H . /U , 0 .0 1  to  0 .0 6
(H»Tmg l / , )/Ds*'*/2 3 0 0 0  - 55000
H ./D so  
H« / (LmDso)
2 0 -3 0 0
1-18
H s V (D ,o 3 1-1200
D s / Dso 3 0 -1 0 0
PARAMETER CALCULATIONS, CHECKS AND CORRECTIONS
Calculate w ave breaking height
Initial calculation of beach profile descrip to rs
Check for shallow  w ate r corrections
Check correction for beach dep th  lim itations
Calculation of co n stan t n for hyperbolic curves
Final calculation of beach profile descrip to rs
-  Goda (1985)
-  Assume depth limiting when tVD* > .55
-  If depth of material is limited, correct Pr and Pc
Pr
Pc
Pb
crest and SWL
SW L
Between top edge 
of pmfile seep and 
lower limit of 
profvte deformation
FINAL PRORLE
F igure A 3- 32. D e sc rip tiv e  su m m ary  o f  S H IN G L E  (tak en  from  L opez  de San
R o m an -B ian co , 2003)
5 1 7
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“The SHINGLE model was developed by Powell (1990, 1993) from the results o f 
model tests and field  data analysis on shingle-sizes material (and dissimilar 
sediments). SHINGLE is a parametric model, developed for the prediction o f
empirical equations again relate the profile geometry to the initial profile and 
the main wave parameters.
The use o f the equations, or the computational model, is limited to different 
ranges, depending upon the wave steepness sm. For 0.01 < sm< 0.03, use should 
be restricted to:
beach profiles after a storm It is based on a normal incident wave height The
1 <  1,200
1 -  n— i— -  18
}e 5 0 L m
and for 0.03 < sm< 0.06, use should be restricted to:
0.5 < ———  < 40 ” (Simm et al., 1996).DeSoLm
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A l.  R esu lts  o f  th e  p re d ic tio n s  o f  th e  e q u a tio n s  o f  th e  m odel (fie ld  d a ta )
I N T I A L  P R O F I L E  ( D B C  ’9 3 )
a.
C hainage (m)
Figure A 4 - 1 C om parison  o f  p red ic ted  and m easured beach  profile for location A -M iddle (D ecem ber ’93-A pril ’94)
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Figure A4- 2 Comparison o f predicted and measured beach profile for location A-Middle (October ‘94-December ’94)
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Figure A 4- 3 C om parison  o f  p red ic ted  and m easured  beach  profile for location A -M iddle (D ecem ber ’94-M ar ‘95)
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F igure A 4- 4 C om parison  o f  p red ic ted  and  m easured  beach  profile for location  A -M iddle (M ar ’95-M ay ‘96)
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F igure A 4- 5 C om parison  o f  p red ic ted  and  m easu red  beach  p rofile  fo r location  A -N orth  (D ecem ber ’93 -A pril ’94)
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Figure A4- 6 Comparison of predicted and measured beach profile for location A-North (October ’94-December ’94)
524
D
ep
th
 
to 
M
.W
.L
. 
(m
)
1 4
12
10
8
6
4
2
0
10 20 Chainage (m) 30 40 50
Figure A4- 7 Comparison o f predicted and measured beach profile for location A-North (December ’94-March ‘95)
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Figure A4- 8 Comparison o f predicted and measured beach profile for location A-North (March ’95-May ‘96)
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Figure A 4- 9 C om parison  o f  p red ic ted  and  m easured  beach  profile for location A -South  (D ecem ber ’93-A pril ‘94)
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Figure A4- 10 Comparison of predicted and measured beach profile for location A-South (October ’94-December ’94)
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Figure A 4- 11 C om parison  o f  p red ic ted  and m easured  beach  profile for location A -South  (D ecem ber ’94-M arch ‘95)
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Figure A 4- 12 C om parison  o f  p red ic ted  and m easured  beach  profile for location A -South  (M arch ’95-M ay ‘96)
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Figure A 4- 13 C om parison  o f  p red ic ted  and m easured  beach  profile for location  B -M iddle (D ecem ber ’93-A pril ’94)
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Figure A4- 14 Comparison of predicted and measured beach profile for location B-Middle (October ’94-December ’94)
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Figure A4- 15 Comparison o f predicted and measured beach profile for location B-Middle (December ’94-March ‘95)
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Figure A4- 16 Comparison o f predicted and measured beach profile for location B-Middle (March ’95-May ‘96)
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Figure A4- 17 Comparison of predicted and measured beach profile for location B-North (December ‘93-Apr ‘94)
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Figure A 4- 18 C om parison  o f  p red ic ted  and m easured  beach profile for location B -N orth  (O ctober ’94-D ecem ber ‘94)
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Figure A 4- 19 C om parison  o f  p red ic ted  and m easured  beach profile for location  B -N orth  (D ecem ber ’94-M arch ‘95)
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Figure A 4- 20 C om parison  o f  p red ic ted  and m easured  beach  profile  for location B -N orth  (M arch ’95-M ay ‘96)
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Figure A 4- 21 C om parison  o f  p red ic ted  and m easured  beach  profile for location B -South  (D ecem ber ‘93-A pril ‘94)
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Figure A 4- 22 C om parison  o f  p red ic ted  and m easured beach  profile for location B -South (O ctober ’94-D ecem ber ‘94)
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Figure A 4- 23 C om parison  o f  pred ic ted  and m easured  beach  profile for location B -South (D ecem ber ’94-M arch ‘95)
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Figure A4- 24 Comparison o f predicted and measured beach profile for location B-South (March ’95-May ‘96)
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Figure A4- 25 Comparison of predicted and measured beach profile for location C-Middle (December ’93-April ‘94)
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Figure A4- 26 Comparison of predicted and measured beach profile for location C-Middle (October ’94-December ’94)
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Figure A4- 27 Comparison o f predicted and measured beach profile for location C-Middle (December ’94-March ’95)
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Figure A4- 28 Comparison o f predicted and measured beach profile for location C-Middle (March ’95-May ‘96)
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Figure A4- 29 Comparison o f predicted and measured beach profile for location C-North (December ’93-April ‘94)
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F igure A 4- 30 C om parison  o f  p red ic ted  and m easured  beach  profile for location  C -N orth  (O ctober ’94-D ecem ber ’94)
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F igure A 4- 31 C om parison  o f  p red ic ted  and m easu red  beach  profile  for location  C -N orth  (D ecem ber ’94 -M arch  ‘95)
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Figure A4- 32 Comparison of predicted and measured beach profile for location C-North (March ’95-May ‘96)
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Figure A 4- 33 C om parison  o f  p red ic ted  and m easu red  b each  p rofile  fo r location  C -S outh  (D ecem ber ’9 3 -A pril ’94)
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Figure A4- 34 Comparison o f predicted and measured beach profile for location C-South (October ’94-December ’94)
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F igure A 4- 35 C om parison  o f  p red ic ted  and m easured  beach  profile fo r location  C -South  (D ecem ber ’94-M arch  ‘95)
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Figure A 4- 36 C om parison  o f  pred ic ted  and m easured  beach  profile for location C -South  (M arch ’95-M ay ‘96)
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